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A'STRACT 


Program 2 had the Department o? Defease reeponelbility for the proper 
prosecution of the Uuclear Radiation and Effects Program in Operation REDWING. 
This report covers the portion of the program concerned vith^the distribution 
of radioactivity in the cloud resulting fro a nuclear explosions and the sub- 
sequent fallout of material from the cloud. 

Participation involved the following agencies* Evans Signal laboratory! 
Naval Radiological Defence laboratory! Scripps Institution of Oceanography! 

New York Operations Office, AEC! Chemical and Padiological laboratories, ACC{ 
and Air Force Special Weapons Center. REDWING large yield events Jessing pri- 
mary participation were Cherokee, Zuni, Flathead, Ravajo, and Teva with second- 
ary measurenen’ s made on events IaCrosse and I'ohavk. 

A wide variety of instrumentation was employed by the various lator.tory 
groups. Pockets and manned aircraft made penetrations into th -> c^r a and 
stem. Instruments recorded the tine of arrival of fallout, collected incremen- 
tal and gross camples of fallout, and neasursd the radioactivity in the air, 
on land surfaces, and in the lagoon and ocean waters. Samples were collected 
by a number of different means, including manned ships in the downwind fallout 
area; skiffs deep moored in the open ocean; barge, raft, and land stations in 
the Bikini Lagoon. Aircraft and ships were used to survey the open ocean areas, 


helicopters with detectors suspended below anj 
areas. The water in the lagoon was examined. 
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Data consisted of time and rate of arrival of radioactivity; character of 


fallout material including particle size, composition^ and activity, total ex- 
posure on landj and exposure rates on land; in the air, and in the lagoon and 


ocean water, 
were recorded 
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No fallout was measured from the Cherokee air burst. Preliminary results 
show a difference In the nature of fallout material between water eurfaoe 
(Flathead and Navajo) and land surface (Zuni and Tewa) bursts. The former 
consisted of an aerosol, mud, and a salty slurry and the latter of a fine dry 
solid material resembling modified coral. High exposure rates were measured 
In the lower layer cf the cloud and little activity was detected In the stem 
although large active particles were collected which apparently came fro« 
lower stem altitudes. Particle fall, time of arrival, and exposure plots 
have been developed from the data. EXPOSURE AND RATE CONTOURS ARE FRCH PRE- 
TJTINAP.I DATA ANT MUST RE USED WITH CAUTION. Scsae in-close readings are given 
and those near the Mohawk crater extrapolated to H/l hour in many cases exceeded 
10,000 r/h r. These values are higher than any previous extrapolated data 
based on D-^day measurements. 

It is tentatively concluded for the site of shots involved that radio- 
active fallout material originates in the lover layer of the nuclear cloud and 
fi. tU If 

that there is- little activity In the stem. 

i s%~t> •<« J 

A minimal,, air burst over water doe6 not produce fallout of military 

T 

Bfpr fiance. ^ ^ ^ j H'ik C?, * ib+4 f c "t'Sf'rtv " Yx * * ' ‘ 

foxe exposure rate / from surface burst fallout ^ls probably proportiqnilVto 

t>o radiological yield. 

Tentatively an-i within the definitions of this report a 
yield) surface burst will ppoduoe an area of over 1,500 square miles 

to a level which will be lethal to^pxpos9d personnel. The sickness 
area will comprise more than 3,500 square riles. 
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PREFACE 


This report is a summary and consolidation of the preliminary infer* 

Ration available on the fallout studies at Operation REDWIR3, Bata is 
presented from many of the projects in Program 2 which worked Individ— 
nally and in close cooperation to document the fallout* Appendix A 
gives some information on the individual projects end the type of data 
each obtained. A cumber of projects also gathered data on other prob- 
lems such as initial radiation and contamination and decontamination. 

The preliminary results of these efforts are not included in this report 
since they will be presented in detail in the individual project reports 
and are also covered in the Task Unit 3 Summary Report. 

Since this report was written within a few weeks after the conclu- 
sion of Operation REDWIEG, the data is necessarily preliminary and sub- 
ject to possible raj or changes. Muck of the data from detailed labora- 
tory analysis of the fallout samples and from careful interpretation of 
the records was not available. However, it was felt that the general 
fallout picture, including the estimated radiation contours for the in- 
dividual events, was of sufficient immediate interest to warrant presen- 
tation of the results although they wore subject to change. 

This consolidation would not have been possible without the coopera- 
tion wnd assistance of the following Project Officers and their projects* 

Kr. Peter Brown, Projects 2.1 - 2.2, Evans Signal Laboratory} SAN BRLNO FRC 
Mr. Richard R. Soule, Project 2.61, Eaval Radiological Defense . 

Laboratory} AVAlLAg^g QQpy 



Hr, Feenan 9, Jennings, Project 2,62, Scripts Institution of 


Ooeanograpbyf 

Dr, Terry Triffet, Project 2,63, Ratal Radiological Defense 
< Laboratoryi 

Hr, Robert T. Grave son. Project 2,64, Hew Tork Operations Office, 
V AECf 

Hr, Hsnfred Kcrgenthan, Project 2,65, Airy Chemical Center! 
Colonel Ernest A, Pinson, USAF, Project 2,66, Air Force Special 
Weapons C enter j 

Kr, Hein* Rinnert, Project 2,71, Kaval Radiological Defense 
Laboratory; end 

Kr, Kichael H, Digger, Project 2,10, Karel Radiological Defense 
Laboratory. 
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Ths naterlal 5a this report is orgsnisod ar ou n d ths three baslo types 
of shots la Operation H2DVIB3 la which fallout was documented* land sur- 
face ^ air, and water eurfaoe bursts* Tbs land surface bursts will be dis- 
cussed la detail, and Where possible, the other types of shots will be 
discussed by comparison with the land surface burst phenomena. 

1.1 LAUD SURFACE BURSTS 

1.1.1 Definition . A land surface burst is defined as the explosion 
of an atonic weapon at the surface of land or at a height above the sur- 
faoe less than the fireball radius at ths tine of break-sway of the shock 
front. Baaed on the test results fro® atode weapons to date, the fallout 
contamination can be of primary importance for such a burst, extending 
the area in which personnel casualties are inflicted far beyond the 


regions of blast and thermal effocta, and denying *ccess to some areas 


for a long post-shot period. BEST AVAILABLE COPY 

y. T 1.2 Previous Test Results . Only four lend surface shots, as 
shown in Table 1*1, have been do parent ed for fallout to any appreciable 
extent* These ware the surface (*S*) shot In Operation J4SG12, the 
KTKZ shot In Operation IVT , end the BRAVO and (OGS shots In Operation 
CASTUS. \ SA ^ 




1.1.2. 1 JABGUB Surface Shot . On the JAIGUS surface shot the distri- 


bution of bomb debris was documented In detail, parti calmly close In* 


The low yield of 





ie It possible to s u rvey the radiation pat- 


tern directly with hard and vehicle carried survey Instruments. 


t 


• » 


Shot 

Yield 

Data and Location 

ReBsrka 

References 

J ANODE 
Surface 


19 Nov 51. Tuoca Flat, 
Nevada Test Site. 

Fallout vas vail doen- 
ncntod, particularly 
close In. 

1 thro 16 

ITT MU® 
(Shot 1) 

1 

1 Nor 52* FLORA, 
Snlvetok Atoll. 

Fallout van doaomnted 
in the upwind and croes- 
wind directions. 

10, 11, 17, 
18, 19 

CASTDS BRAVO 
(Shotrl) 

! 

3 

L 

1 Xar 54. Weet of CHARLES 
on reef, Bikini Atoll. 

Cloae In fallout vas vail 
documented considering 
dernge to Instruaeotatlon. 
Sonne late suriey data vas 
obtained about 150 miles 
downwind. 

10, 11, 20 
thru 27 

j 

i 

CASTIZ KOON 
(Shot 3) 

1 

i 

l 

! 

i 

i 

J 

27 Mar 54* Voat and of 
TARE, Bikini Atoll. 

Fallout Inetraaantatian 
United. Dooanented 
about 15 idles downwind. 

10, 11, 20 
thru 27 


best available copy 





















Kea^urements of tbs quantity of fallout material, tine of errival, and 
rata of arrival vara o tainod. Fairly cosplete radiochemical and radio- 
physical analyses of the fallout particulate vara cade. Tbs 100 r/tg 
contour at 1 hour after detonation extended sore than 4,000 yards doun- 
vlnd and had a crossvind extent of 500 yards* The downwind distance ex- 
tended veil beyond the region of blast and thermal damage and therefore 
the JAKGIZ results shewed appreciable areas with fallout of military sig- 
nificance* Considerable fractionation was observed in the fallout from 


the JAHGIZ shot and a dependence of tbs radiochemical composition upon 
particle else was indicated* The distribution of activity with particle 
site and the distribution of activity on and within particles was studied 
in detail* Xt was found that almost all the activity was associated with 


particles larger then 100 microns in diameter* Ro salts also shoved that 
activity was distributed uniformly in son# particles While in othar 
particles this was not tree. The activity was almost nearer found to be 
concentrated near the outside of the particle* Active particles ranged 
from bolng colorless to Jet black, but the activity was usually associ- 


ated with the darker colors. AVAILABLE COPY 

1*1. 2* 2 The IVT KIK S Shot* The XVT KIKE shot of about 



AN BRUNO FRC 


^ X ya.1 ***££ 

documented only in the upwind and crosswind directions* Kecsure&sets of 
the crosswind fallout arrival tires were independent of distance from 
ground zero «d the duration of the observed fallout was approximately 
1 to 2 boors* lo evidence of any particle else fractionation with cross- 
wind distance was fbund and there were only meager Indications of parti- 
cle else fractionation with time* 




1.1.2.3 CASTLB BRAVO Shot . Shot Operation CASTES was a land 
surface burst with ft yield of .This shot produced f alloat ct 

levels of Military significance over ft trecend ous area* Results of 
this shot shoved that weapons of this type and yield earn he expected to 


prodaoe levels of residual radiation hazardous to baa® life over sever- 
al thousand square slles ( The threshold value ffar radiation levels of 
edlitary significance is indeed difficult to specify <jaentitatively 
sines it varies widely, depending span the perticalar effect under con- 
sideration* However, in this report, radiation levels shove 5 r/ff at 
1 hour after detonation are arbitrarily considered to have sdlitary sig- 
nificance* (Reference 28*) Gasan levels of adlltaxy significance vers 
found to exist at ft downwind distanoe of at least 280 nautical idles. 


It was concluded that an area upwards of 20 idles in width and 120 adles 
in length downwind would produce casualty effects in the <^e of this 
type of surface land detonation with a yield in the cogs* The 

data Showed a substantial contribution to the residual activity fron 
neutron capture products of including O^Ta and its daughter 
Ip^9, and Hp 2 ^* This contribution Influenced narkedly the g&asa 


fc 


energy distribution and decay rats* Theoretical considerations indicate 
that the relative contribution from the Hp 2 ^ builds up to a rmxSmm 
four days after the Shot and its effect is to reduce the gross daesy 
rate below that of the fission products alone* ^ BRUNO FRC' 

1.1*2*! CASTLS KXR Shot . The KOCH Shot at CASTLB had a yield con- 
siderably less than the BRAVO Shot* Because of previous dasage to the 
in st r uae ntatlcn sad operational difficulties, fallout dscanaatation for 
for this Shot was United to total collection type Instruncntatlen* 


1.1.3 of falloqt . When a nuclear detonation occurs, the 




a. Fission products. 

* 

b. lomtroa captors products forsed la the reacting bed) materials. 

c. Isatron captors products forced in the neighborhood, such as the 


j y 




inert boxb materials, enclosing building, end tbs nearby lend at 
water. 

In pars fission weapons tbs first of thess types predominates over tbs 

others. When an epprceiablo part of the fission yield results fro* 

eeocndcjy fission of U 2 * 8 , the neutron capture products, particularly 

239 

Kp , contribute significantly to the activity daring tbs subsequent 
days. In any case, the activity induced In the local soil and other 
neighboring tutorials is ocepletely cashed whenever it is in the presence 
of fission products and activity froa neutron capture products. When e 
weapon is detonated so that a portion of the fireball intersects the 
ground, cn appreciable amount of ground material becomes incorporated 
in the fireball in the gaseous, liquid, and even solid state. This 
material beooues 5ntinatel7 nirod vith the fission end activation pro- 
ducts. As the fireball cools, this cate rial condenses and a consider- 
able fraction of the activity be cores associated with the material 
particles. Tbs rapid upward aovuBsnt of ths fireball and ensuing cloud 
probably carries this material upward and subsequently outward vith the 

T fJ jia expansion of ti* dead. BEST AVAILABLE COPY^ b80N0 

Once the turbulent notion in the cloud has abated, the particles 
cesrenea to fall at a rate determined by their size end to move bori- 
BoutaUy with the local air notion. Thus particles with a diameter 
greater than 75 microns will fall to the surface within a day and /: , 
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contribute to the local fallout eontoora. Scalier particles tale loader 
tines to settle sad ere also inflncncod appreciably by vertical air 


rot ions. Air turbulence a nd various weather disturbances result in a 

pertubatioo of the fallout pattern* BEST AVAILABLE COPY 

% 

The problea of detailed fallout prediction then naturally separates 

£ 

Itself into two parts* The first is the establishment of ea appropriate 
model for the initial dead, including tbs distribution of activity as 


a function of particle size and position at a time then the turbulent 


notions no longer affect tbs particles, that is, when they are coved 
only by gravity and the prevailing wind* This initial distribution is 
expected to be a function of the total yield and fission yield of tbs 


weapon ard its environment, and also to be affected somewhat by the 
meteorological conditions, particularly the location of the tropopause* 

In addition, there are a number of other considerations such as peculiar 
condensation end falling effects, i.e., change in particle size with 
tire, which play a role in sny detailed model* 

The second part of the analysis involves the prediction of the time 
of arrival end location on the ^surface associated with each position 
end particle sine in the - plead end hence the construction of intensity 
contours. This procedure involves the complete wind structure in the 
area of fallout free shot tine until the tine all the fallout of inter* 
est has reached the surface. Such a complete analysis as la outline^?* * 

above involves the use of detailed weather data and would, in general, 
be very time consuming. For tactical military situations and civil 
defense applications, the accuracy desired does not demand each a 



conplete analysis bat the answers are desired in a abort tine. Thera* 
fore, it la convenient to describe the fallout patters in terra of a 
few parsaeters such as area, downwind distance, crosswind distance, else 
of circle around ground aero, etc. 

I 

The sealing relations far these paraooters can then be established 

\ 

ia teres of weapon and enrironrontal characteristics end a gross estimate 
of the neteorologlcal conditions. g£gj 

Eapcrinants on fallout sealing nodels have been conducted with high 
e -plosive charges ranging fros 150 pounds to 50 tons exploded on a lend 
trorfaoe. The JA53I2 surface shot yielded data at 1.2 IT end the ITT 
KIKE and CASTLE E1AV0 data represent points at 10-15 a yield factor 
of 10* higher than JAS3IE. The Isrge yield data that was obtained was 
particularly sparse in both the downwind end cross ind directions. 

The simplest scaling lav that has been proposed involves scaling all 
contour dinsnaieexs, as well as the ©entour values, by the robe root of 
the yield. This procedure conserves the total Enter! el in the weapon 
end Irplies the tone fraction of all sine weapons to be locally deposited. 

The United reasurerents performed fear CASI1B BLA70, however, indicate 
contour dimensions appreciably larger than the values scaled ftroo the 
JASuLE surface shot and therefore a procedure of scaling by interpola- 
tion between zsasured values is probably each core reliable. Curves 

have been developed which ere baaed os all the available data end ere 

, v SAN BRUNO URC 

Host practical far rapid rough estimates (Reference 2?). 

Obviously, insufficient fallout test data has existed to perfara 

reliable sealing. Tin co3t profitable plan of attach on ibis problea 




is probably to first develop a detailed node! end then infer the scaling 
lavs fron it* In this way the effect of other paranetera such as vind 
speed end rihear can be better evaluated* Therefore, the prinsry goal of 
th| fallout documentation at Operation KSDWini vas to analyse the fallout 

■ 4 ’ 

in every detail as 0015 lately as possible end thereby to contribute to 

t 

the development of a detailed Bedel. 

1.1.1 Objectives . The general objective of the fallout Prograa In 
Operation REDDIES was the complete fallout documentation of shots CH230ES, 
ZUHI, FLAXES AD, HA7AJ0, end T3WA with sons incidental participation on 
other ebots of generally smaller yield. The following vere the specific 
objectives in documenting the fallout* 

1.1. / .I .Collection of the Fallout Material . This objsctiuf includes 
the collection of the fallout materiel at the following stations* 

1, Islands of Bikini Atoll, 

2 , Floating collection platforms located in the Bikini Lagoon and 

“ tal * I “* best available copy 

3. In the ocean voter, 

4. At a remote atoll location (longerik). 

1 . 1 . A.2 Ryliatiofl Over Land Tree Surfaces . One objective 

was to gather radiation readings at the above neaticned locations which 
could be reduced to yield the contours that would have existed if the 
fallout bed occurs d over an equivalent land area, g^js 

1.1. 4. 3 Pis tributlon of Activity in tfre.Oceua Areas . This objective 
vss to Bake use of the ocean as a collector of activity and to evaluate 
a cethod of inferring lend surface radiation contours from radiation 
ssasurcsents in and above the ocean. 



jUSiitelteiUffli sLAs&dk rJtt -IV This objec- 

tive vu to cbtaXn data on the initial distribution of activity la tha 
stabilized deed and to test a nethod of obtaining ouch data with rocket 
boras dotcctcr-teleaetsr traits. The intent was to obtain data to coxpart 

tls relative activity of the deni end ctea and the distribution of 

6 

activity within each of these regions. In addition, it was expected that 

w ~ > ' 

sera additional data on the distribution of activity in the eted end the 
exposure rates to personnel would be obtained frees canned aircraft 

<P; ; y -J./JC 

flights into tbs cloudlet tines of \f2. to 1 hour after detonation. ». 

1,1^5 -Aa?tesg—Of lhe. C.oIb gjed FaUcgt_gateri4 . Taricus physi- 
cal and chemical analyses on the fallout arterial were planned to give 
the following inform ti on* 

1. Pfirticle size distribution as a function of tiro of collection 
and location. 

2. Cross decay of the fallout activity (starting at very early 

tines). BEST AVAILABLE COPY 

3. Distribution of activity on and vithln particles end as a func- 
tion of particle size. 

4. Quantity of certain individual nuclides end fractionation. 

1.2 AH BOESSS 

1.2.1 Pefinltloq . The air burst of en atonic weapon is defined as 
one in tho air above land or water at a height greater than the radius 

of the fireball* gj^ BRUNO IRC 

1.2.2 Previous Test Results, k rusher of tests of weapons of rela- 
tively snail yields in Kavada have given results which show that the 




fallout of radioactive nateriel frcn vn air burst Is essentially negli- 
gible fro* a xilit&ry standpoint. Thess torts were perfbrood with air 
drop* and bonbs do torn ted on towers at such height* that the fireball 
did not reach the surface of the earth. The largest yield air burst 
prior to Operation HSDYIPj was the IFI ERG shot which was detonated at 
an altitue of 1,500 feet on 16 Kovssber 1952 , over the ocean p^th of 
XT05HS at Snivetok Atoll. The yield vua approodnately Sons 

Y 017 rough no apartments on Islands in ^niwetok Atoll Indicated that the 

fallout activities were eo srsll that at tines as earl/ ae 6 hours after i 

/uXU Co^ld l 

ERj shot, the observed iat e a attics at all islands except IflGenC w are 

o ott«istatt t-^4th the 15 dry old fallout fron hl\£ shot. On T7Q3B8, vith-p . . ,j . , /. 

c>^-F fy ft evd* $ ryfiifa *x It tl ;* 

In 4,000 feet of tho-ktrsi Point, thaffe^sv^t-^r was only about 2 per « * 

> /-al/f-. t ' ^ rXc /' / v, * « .*/ 
cent of the activity p’ofhxcSi. at * 1£,000 feet iron ground zero at eca- 

parable tines after each shot. It was therefore concluded that th:re 

Is little external radiation hazard frox fallout due to an air hurst at 

a scaled height as hlrh as that of EHG shot. BEST AVAILABLE COPY 

jt.2.3 i' chnn^sR of Center tc-tlcn . Previous weapons tests have con- 
sistently shenm that air bursts, whether dr drop or to * jot shots, pro- 
duce little f el lout oonteiil nation as compared to the sene yield land 
surface burst. The conclusion frost such data Is that the hot flrsio* 
products do not have an opportunity to condense onto the g r ou nd parti- 
culate natter picked up by the cloud. However, observations of elr ^ 

bursts of kilo ton veapens have shown that a thin stea consisting 
ground material is sucked up into the center of the rising fireball. 

There are two possible explanations as to why the radioactive aeterlal 



does not deposit on this mteriali (1) by tbs tine tbs ground mterisl 
arrives, the fireball say hats oooled sufficiently so that tbs fission 
products bare solidified and era no longer av liable for deposition an 
other natter. (2) The internal notion of the fireball *sr be such that 
the ground mtcriil end the fission products do not coxae in contact. 

^or exarpls* tbs observed toroidal notion sight consist of the boob pro- 
ducts In s narrow internal ring with the ground Enter id flowing over 
the surfaoe. 

If either of these reasons explains the lack of contamination for 
previously observed air bursts, there is no guarantee that they will, 
aleo hold for suit irsgaton. "bursts. The fireball regains hot for a longer 
period of tizu end the internal notion could differ in character between 
widely different yields. Therefore, in view of the great tactical la- 
port once of a lew air burst in offensive Eilitory operations, the doda- 
rotation of fallout fren a weapon in the negaton range datcuated at a 
height slightly greater than the fireball radius was essential. 

1,2,4 OMoctiwss . The broad objective was aiuply to establish 
vhetber cor not there vas radioactive fallout of military significance 
fror. a megaton weapon detonated at cinigul air burst conditions over a 
lard surface. This objective could be accocplichcd by sirply docunsnt- 
ing the fallout completely in accordsnoe with the detailed objectives 

for the surface land shot. BEST AVAILABLE COPY 

1.3 VJS8R SB?j*«3 BXsSIS SAN BKUNO IKC 

1.3.1 Definition . A water surface burst is defined as one exploded 
at the surface of water or at a height above the surface 1038 than the 
fireball radius. 


1*1*1 1*a firing 


of a trade er weapon mated ca a barge is tro ly a Water surface shot be- 
cause it is detcaitcd within a fev feet frc* the surface, The ass of , 
barges in firing nuclear weapons vas introduced at Operation CA3TlS<Vhore 
four of the sir 3hots ware located on. barges. Table 1.2 presents the 
aunnary data on the 3a shots. The use of this technique has been adopted 
principal!/ for operational reasons; nar*ly # the shot site can be pre- 
pared easily fbr tbe ne:<t event end the device is rex/ portable in can 

Ui*-$ 

of a c*u?rce in pier. 3 . is far as the fallout progran ie concerned, the 

barge shot La^ a direct significance in teres of tha effects cf a deep 

fr& '+sA’ cm 

harbor burst and a'/ give inforaatlcn spolicabls tcytha surface of the ' 

epon ocean. In addition, the basic dyroaics of tho cloud divelopasnt 

« 

stodd not be Kodified too Each by the presence of water sol it ca be 
expected that a rare ©orplete under standing of the fallout frees a targe 
shot, coupled with particle infcroitloa from a feu lend surface bursts, 
can inprove the state of hncvlcl-e of the fallout froa lend surface 

M»iia. BEST AVAILABLE COPY 

1.3.3 B?r^% Slots at Operation CA3TIS . The first ehot at CAST2S had 
a yield such greater than ejected and this reunited in a oerioaa cur- 
tailssnt of the fallout progxsn ca this operation. A large nrauber of 
ejcperis-sntal failures and equips nt losses resulted from blast and valor 
wave action, delays in shot schodnle3, end operational difficulties 
associated with the stapling of fallout over extended ocean areas, g^ rrU^O FR^ 
Consequently, fallout docuannt&tica of the barge shots was quite Hatt ed. 

However, a considerable eaount of data vas obtained froa analysis of the 



table 1*2 Swaaar7 of Previous Vatar Surfaco Shots 




* 

>r^ 


j Shot ; Yield D*t© end Location 

| Remarks 

Roflarenoes 

K 

CASKS uorao 
(Shot 2) 

— , — . — . — — — ■ — ■ — 

27 H nr 54* Ban?© in CASKS 
BRAVO ctrator oa C’LARLIE 
Ilaef, Bikini Atoll. 

Good croBuwind fallout 
data but limited in the 
dovrawind direction. 

20 thru 27 

CASKS UNION 
(Shot 4) 

. ....... T -r-T ... - 

f 

26 Apr 54. Barge in 
Bikini Lngoon, 

Fallout docuBuntation 
frafpnuntary. Limited 
up rlnd and cronovind 
data. 

20 thru 27 

i 

! CASKS YANKEE 
(Shot 5) 

3 

& 5 May 54. Borgs in 

4 Bikini L«goon. 

1 

1 

Water wnrvry and sampling 
techniques used. Do 
Bikini Atoll fallout in- 
, ntrurmtatioo duo to low 
and drongs. 

20 thru 27 

CASTLE NECTAR 
(Shot 6) 

! 

. i 

H May 54* Bar** in TVY j 

MIKE orator on FLORA, 1 

Enlvstok Atoll* 

! 

i 

! 1 

BxtanoivQ Instrumentation 
in Lagoon end northern 
ntoll islands. Limited 
fallout data. B morally 
low levels of activity 
exospt fov s«|>lw nssr 
ground xsro. 

20 thru 27 

1 


0 

1 



best available copy 
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water a nr pins end fallout rttorial. There vc»e indications that ndk 
of the eontnrlnstion vaa In the fore of an eorosol and hence differed 
from the fallout free a lend surface her at. 


1.3.Z, OMfctlves . Igdn, the objective of the fallout Program vaa 
the ©oqplate dccccent alien of felloct free, the Verge shots* This vat 
done by inpleacating the esse detailed objectives as those for the land 
eurff.ee buret. The intent ves to lemt Just how the fallout varied with 
the different yield Verge shots end spocifieilly how it differed fro® 
the land ear face hurst end air hurst fallout. 

1.4 otker ITPE3 o? bjfsis BEST AVAILABLE COPY 

Fro® the standpoint of weapons effects, and in accordance with defi- 
nitions eentloned earlier, tho explosion of en atonic weapon et the top 
of a tower cay Vo either an rlr burst or a surface burst depending on 
whether csr not the fireball cores in contact with the surface, although 
the air hurst characteristics any he slightly codified by the presence 
of the tower. However, the Fallout Frcgrssi did not docuncnt completely 
any tower shots in Operation R3WHS. The c nLj other types of shots 
that bavo not been considered thus far in this report are the underwater 
and underground hursts. Operation HSD'FDKi did not include my shots of 
those types and therefore no atteept has been Bade to discuss their 
fallout phenomenology. 


1.5 EFFECT OF IRACTIGHAL RADIOLOGIC AL HELD gA> - brxjnO FRC 

Operatic® RSDWISG provided the first opportunity for testing weapons 
in vhiA tbs I 



this report the fractional radiologies! yield is defined as the ratio of 



the tiarica yi ?14 to tbo total yield. It la to be expected that the 
effect of this extra parameter, the fractional radiological yield, on 
the fallout vould be as follows* The location of the contour! as veil 
a a the weight of nca-radlo&ctive mterlel deposited tfioald be * fcmetlon 
of the total yield, but the ganra dose rate associated with ouch contour 
should be scaled proportionally to thu fractional radiological yield. 

The amount of fission product tutorial deposited Is obviously scaled by 
the fractional radiological yield. In general, the definition of the 
fractional radiological yield can bo extended to describe induced actlY- 
ity in herb neterials or "salting agent**." In the ease of ■salted" 


weapons, this quantity could ti«an be greater than unity sinoe extra 
activity djlt be addrd. without con’ribiting to the totxJL -yield of the 


vevpcn. 


®£sr 



1.6 fl3K?;Kr Of TT. WLT- C3J3C7IV23 




The overall objective of the Fallout Progrss ves to dccosait com- 
pletely the fallout fror the shots of interest. Complete colie ctian 
of data on the minor ous parameter* was necessary to Irprove scaling 
levs, to bet hr mridorstand the necb.ai.isn of fellout, sad fccn.ee Improve 


present fallout bc dels. 


Ter the high yield ririrrl air burst. CEEROE^ ic particular, the 


objective vaa to determine If there was cry fallout of ci lit ary signifi- 
cance. 


SAN 
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In the cans of the wate r shots It ves esq«eetod t-o establish In detail 
Just bov fcllout free water eurfs.es bursts differs froa that due to lsnd 
surface bursts. 



CUAFTE2 2 


EXPERT XKTAL DE3IGK 


2.1 HE;UIH®3^T3 FOR DATA 


Based on the detailed objectives outlined in the previous chapter* 
the instruaentatipn for the fallout pro gran vas designed to c&teSn the 

row.* 

a. CollectiScriSf“ Fallout yaterial 

M 

h. A Radiation Headings Over If4Jd A Surfaces 

/ / J'- 

c. / Inflation Readings In and Above Ocean and lagoon Vater 

hi ^ f?w\ 

d. /, Radiation Readings In the Fuclear Gle^d . ^ 


2.2 ir3Tr.UJTl.TATIOI7 
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In 602 e instances, core than cno agency had equipment that performed 
the name function, e.g. th> tine incremental collection of fallout material. 
In such cases the detailed features of the equipment vere different since 
the equipment vas 'esigned and built by different agencies. Do attest has 
been rade in this report to give a detailed description of the individual 
pieces of equipment. For further information the reader is referred to 
the individual project reports. Instead, instrumentation vill be dis- 


cussed as general types and according to its function. 

2.2.1 Collection of Fallout Material . 

2.2. 1.1 Total Collectors . Total or gross collectors vere used to 

collect the fallout material throughout the duration of fallout. One 

total collector used by Froject 2.65 at its distant collector station 

SA^N BRt^O FRG 

vas sinply a vooder. tray four feet by four feet by lg inches deep. A 


total collector used by Project 2,63 vus a tray three feet square by two 
leches deep# A variation of this latter type utilised the saste tray 


design but added a layer of fiber glass honeycomb end bad a cover which 

f ; 

was designed to open and close before and after fallout, respectively. 
This covering was provided to preserve the samples and prevent any 
codification by environmental conditions before and after collection* 

A third type of gross collector used by Project 2,65 was conical with 
an opening at the top tvo feet in diacetcr and narrowing to a circle 
about 5 Inches in ditoeter at the bottoa vhere there vae a stainless 
eteql filter, Below the filter there was a era 11 hose leading to a 
polyethylene bottle. The cover of the collector was designed to open 
upon a timing signal and then close autceariticnlly eleven hours later, 

A eirrLl^r type of toV'l collector U3ed by Project 2,63 consisted of a 
7 inch diameter funr.el with a cno-half inch diameter tube and a tvo gal- 
lon bottle, all of polyethylene, vith a fiber glass honeycomb layer ia 
the mouth of the funnel, A final type of a total collector used by this 


project consisted of filter paper through which fallout air vas sucked 

tr a BEST AVAILABLE COPY 

2, 2,1,2 Incremental Collectors , The largest cumber of incremental 
type collectors used vere located at the Project 2,65 land stations and 


consisted of a covered steel tub AO inches in d iame ter and 24 inches 


high, Fittlrg into this tub was a circular disc with 22 triangular __ 

SAT* BRUNO nO 



sampling trays, each 3 3/f inches by 10 inches by 3/4 inch deep, Ey 
cisans of a driving and timing mechanism, one tray at a tine vas exposed 
to the open air through a hole, the else of the sampling tray in the top 

dover* A door covered the ear pile g hole before the initial and after 

#»■ 

the final sampling, An external tiring signal started the re chants* 

? 

and succeeding trays sored into position at set tine intervals, Fa&» 
posure durations of 1 usixrate, 5 minutes, and 30 minutes were used for 
various collectors. The Project 2,63 type of incremental collector used 
essentially a rainfall sampler in v?!dch the collecting trays had been 
rod ified , These trays exposed sensitive collecting surfaces about 3 
inches in diameter successively for equal time increments. The treys 
vere placed in the exposure position by nears of a pair of inter- 


connected vertical elevators, Fach tray vas exposed at the top of the 
ascending elevator and after exposure ■was pushed horisontally across 
to the descending one. For land surface shots, a grease coated cellu- 
lose acetate disc >3* used as a collection surface and for vat er shots, 

*j ) n -U— - ^ 

the sane surface vere interspersed vith discs of chloride sensitive 

BEST AVAILABLE COPY 

An experimental high volume filter unit vas also used by Project SAN BRCNO FRC 
2,f3. This device vas, in effect, an incremental air sampler. It vas 
designed to obtain gross aerosol samples in significant quantities under 
conditions of lev concentration. It consisted of a single blouer and 8 
filter heads oriented upv?ard enclosing 3 inch diameter filter packs that 
vere changed at specified time intervals. 


Project 2*65 used a tap* fallout monitor which tas an intermittent 
type of collector employing adhesive tap# for the sampling surffc.ce vhich 
was exposed for periods of one minute for the first hour and periods of 
one hour for the next 47 hours. The instrument had a second reel of 


1 

Saranwrap plastic tape which covered the exposed collecting tape at the 


«nl 


of Its exposure period. 


2.2.2 Padlstlon fteadlnga Over land surfaces , 

2.2.2.1 Total Exnoeur^ Detectors , Fils packs, chemical vials, and 
direct reading doslssters were used es total exposure detectors, Soc* 
of these detectors vere placed at all land as veil as floating stations, 
Post of the processing and data reduction was performed by Project 2.1, 


2. 2, 2.2 Carra Exposure Pate Tieters, A device know as "Conrad X* was 
used by Project 2,2 for the measurement of ganra exposure rates over a 
range of 1 r/br to id* rfhr vith a tine resolution of 5 Einutes and 0,05 
minutes respectively at those exposure rates. It consisted of an un- 


saturated ion charter as the sensing device and an Esterline Angus pen 
recorder, A second instrument similar to the one above and designed to 
operate over a range from 0,2 nr/hr to 3600 r/hr, was used by Project 
2.63, Project 2.65 used a probe lowered from a helicopter to measure 
gamra exposure rates at 3 feet above the ground. The probe contained a 


' SAN BRUNO FRC 

1. In this report the word "exposure" will be used to describe the 
radiation as measured In roentgens. 
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detector element vhich vas the ionisation charter from a Jordan cod el 


A0B-10 T-SJ! surrey meter* The output current frets the charier and 

associated curcuitry flxr/s through the probe vire to the indicating 

setter mounted in the helicopter* The range of this instrument vas from 

0,fl nr /hr to IxA r/he 0 
1 

2, 2, 2, 3 Tine of Arrival Detectors , Project 2.63 usod a tins of e.rriT* 
al detector consisting of an ionisation chamber vhich triggered an 6 day 
chronori'trio clock vhen an exposure rate of 20 rx/hr for a period of a 
half hour vas reached* Subtracting the clock reading rt recovery time 
fror; the Inovn tire eince detonation yielded the time of arrival of the 

BEST AVAILABLE COPY 

2*2,3 Radiation P-ovd^n^s In end Above Ocean and lagoon Vater. 

2,2,3, 1 Survey arri Collection Vessels * To coot the objective of 
collecting fallout rnl establishing contours over the vast ocean fallout 
areas, an extensive array of floating and flying instrument platforms 
vas needed* The following sxrmry lists those platforms, but the detail- 
ed discuss! cm of the instrumentation aboard vill be postponed to Section 
2.3* 

a. The GhAilTIUJ? S. HALL (YA0-39)| C3GE0E EASTTAS (YA3-40)| end the 

U^5 CHOOr COISJIT (I^T-611) vere positioned in the fallout area prior to 

the arrival end served es completely instrumented collector stations* 

SAN BRUN° 111(3 




b, Two large barge*, the 7113-13 end YFl'D-29, and three pontoon 
rafts were anchored In Bikini lagoon as fallout collection stations* 

e* Fourteen to sixteen skiffs (the number varied with each shot) 

I* 

* 

were moored in the deep ocean north of Bikini Atoll for fallout colleo- 
ti<J. In addition to the array of skiffs moored in the ocean north of 
Bikini Atoll, for ZUMjf'one skiff was deep taoorod in the open ocean to 

the South of the Atoll and for TEVA, 3 skiffs vare placed to the Vest 
of the Atoll* 

d. Two destro: er escorts, the USS llCGim (DR- 365 ) an! U -S SIUTEB~ 


STEin (lJEt- 534), and the oceanographic research vessel K/V ^TII ZGN pen s. 
ft forrwl a radiological surrey of the^ocel^areaa^ alter- f aJ 1 rrtt ' had- eca-so d 
e* An instrumented landing craft, the 1C 1—1136, performed & surrey 
of the Bikini lagoon after fallout froa shots CHEROKEE, mi, FLATHEAD, 


and DAI- OTA had 


ceased. BEST AVAILABLE COPY 


f, P27 aircraft surveyed the ocean areas after fallout had ceased, 
measuring the exposure rate in the air above the ocean* 

g. On occasion, the K/V KQRTZCN, US’s and F27 aircraft were used to 
check background radiation before a shot and the effects of ad^SEISI 
water currents or. the fallout ocean area* 

2*2*3*2 Surface l^gnaiAr Readings . A probe furnished by Project SAN BRUNO FRC 
2*62 was trailed in the vater on a cable froa a boos extending sons 
25 feet froa the side of the TAG 1 * and DC*s and from the stern of the 
y/V HORIZON, The radiation sensing element vas about three feet under 


Xtft i\«. 


in t 


; 1 C *! *1 


CP, 


R 1ST A 
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the surface of the vater* The probe consisted of gelger tubes and battery 
pacts encased la ono-quM-ter Inch vail steel tubing* Two ser.s'ng heads 
vers designed fear the probe, one for detecting low level radiation down 
to background and the other with less sensitive tubes to be used at 
levels as high as 100 rAr* The data from the probe was recorded aboard 

t 

V 

the ship on a chart recorder. While surveying, the probe was tewed and 
a continuous recording of exposure rate made. 

Also nounted at the end of the booe^Jn?lhe two YAS»e was a Project 
2 ,64 scintillation detector V'lch vas used to obtain readings of the 
radioactivity as observed looking down frees approximately- 25 feet above 
the surface of the water. This in strident utilized a plastic phosphor 
and c rered a range fron 0.01 to 1*00 i cr/hr. The current output, which 


vas proportional to the logarithm of the exposure rate, vas recorded on 
an Tsterllne Angus strip chart recorder. 

F27 aircraft vere Instrumented by Project 2.64 with a plastic 
phosphor detector and associated recording equipment to measure the 


.. BEST AVAILABLE COPY 


exposure rate in the air above the ocean. These readings, vhenproperly 
c onverted, correspond to the exposure rate in the surface water layer. 

The data vas recorded in uncorrect cd fora on a chart recorder. It vas 

also corrected automatically to a surface reading and recorded on a ^lUJNO FRC 



Eeasured and the readings appropriately corrected. 


ie vas 



2.2,3,3 Intensity Versus Perth Profile , The probe described in 
Section 2. 2,3 *2 vac also need to obtain exposure rate ra depth profiles. 

It contained a pressure sensing elerrat to reoord the depth at which 
the instrurant operates. The cable which supported the probe was a 

A 

1 

three conductor arcored cable, so that the signal a froa the radiation 
and pressure sensing elements in the probe traveled up through the 
conductors and were recorded on an IT recorder aboard ship. The equip- 
Kent for raking depth profiles vas designed for a naxinm depth of 400 
raters except on the V/V H0KIZ0H where it could attain a mxinna depth 
of £00 ret era. 

Penetration recorders designed to trigger upon arrival of fallout at'i/xL 
surface and to record the g'.sra. exposure as a function of tine there- 
after ct 20, 40, 60, CO and 100 reters in depth, vere installed on sorse 

of the deep roor.ed_aM.ffs, BEST AVAILABLE COPY 

2,2.3,f> Analysis of Vater Samples , All survey 6’iips vere equipped 
to tale surface water samples using polyethylene buckets lowered over 
the side. In addition, the Yft EOhIZuK vas equipped to take samples at 
depths with standard Hansen bottles. Detailed analyses of these sarples 

vere then made by Projects 2,62, 2,63, 2,64, SAN BRUNO FRC 

/y I 

2.,2,t radiation readings in the T-uelcar -S4e«g, Project 2,61 under- 

Yrt K&ACrr* 

took to ransure the radiation in the nuclear de*si vith pressure icn 

chambers borne b_. single stare rocket propelled atmospheric sounding 
■vehicles (ASP). The exposure rate data vas telemetered to essentially 
duplicate receiving-recording stations on the t T S5 VEtDSDN (AFD-lCl) and 



(Insert #l) 


2.2.1. 3 Tallent Decay Taif-s . In order to detorrdno the «£fi#uUv» decay 
of the fallout mterial In the ocean water aa manured by the survey probe, 
a decay tank 6 feet in diereter and 6 feet deep was placed on the deck of 
the TAG 39, The tank was filled with ocean water before the arrival of fall- 
out cad a probe was placed in it. The tank then collected fallout end w^s 
agitated to caintein a tmlfom distribution. The probe readings gave data 
on the biildup and^decay of the ectivity, 

A task 5 feet in diopeter and 5 feet deep was used on the dock of the 
l'/V Horizon in a similar fashion. However, in this case, the tank was 
filled with contaminated oocan water as soon as it was obtainable after tire 
11/7 Horizon began making the oceanographic survey, which uv. after the fall- 
out in the area had ceased. To prevent the fallout particles fron settling 
out or adhering to the sides of the tank, the water was treated with sodiun 
silicate end hydrochloric acid to fora a gel as soon as possible after it 
was obtained. The "gelling" was not completely successful and the water was 
also mixed mechanically. Readings fren the probe in this tank then gave 
data on the decay. 
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Site '..tier# the signals were recorded on magnetic tipe. Figure 2.1 
ie a picture of an ASP oo ite launcher, Thie rocket is 6 1/2 inches in 
diameter and 147 1/2 inches Ion;, On the shots CTMIOEER, ZbKT, and 
rAYAJO, two salvos of six rochets each vere firel froa the launchers 

I . 

near the center of HW Island, The first salvo was fired condensing at 
Y.fl minutes and the secnod salvo was fired at K/l5 minutes, Four rock- 
ets vere fired in one salvo at h/7 minutes on shot TFIvA, The rockets 
were fired along trajectories which would best give data on the relative 
activity in the cloud and stea cad the distribution of activity in each 
of these. Trajectory data as shown in Figure 2,2 froa a lir&ted number 
of previous firings of the ASF were used to calculate the position of 


the rochets in the cloud as a function of tine for the predetermined 

elevation and azirath of the launcher, BEST AVAILABLE COPY 

In addition. Project 2.66 named aircraft vere flora into the radio- 
active clcui as early as r/l5 minutes cn certain shots and obtained 
further data on the distribution of activity in the cloud, 

2.3 OFT7ATIOKS „ « 

2,3,1 land Stations . The^Xand stations at Eikini Atoll are shown 
in Figure 2,3. All instrumented islands had both inereiceotal and gross 
collectors. Figure 2,4 is a picture of a rep'esentative Project 2,65 
land station. From thro* to five days before each shot vere required 
for preparing and checking the instrusentation at the stations. The 
samples froc the stations were recovered after each shot as soon as 
radiation levels permitted, Sone pre3J.rinr.ry analyses of samples vere 
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2.5 Minot atatlona la tha Blldal Atoll. 
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YFNB Locations 


Shot 

YFNB 13 

YFNB 29 
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Pontoon Rofts P, R , S 


A Incremental Fallout Collector 
0 Total FqIIou 4 Collector 
■ T( *ol Exposure Detector 
A Exposure Rate Detector 
□ Time ot Arrival Detector 
• Ground Zero's 


n° 30’ 







rc/ie at Site mr-T and the remind c*r of the carries wore placed aboa ri 
the fly-away aijcraft for complete analyses in laboratories in the 
United States. 

2.3.2 Foorofl Stations Barges, Tafts, and Sldffsj see Figure* 

2.3 and 2.5 for locations). Two TFKB bargc3 vers anchored in Bikini 
Lgoon at positions which varied with shot location. These barges vers 
completely instrumented by Project 2.63 vith e^ulpoent for collecting 
fallout material and recording radiation readings in both incremental 
and total fora. In addition other projects placed equi]iaent aboard for 

correlation, BEST AVAILABLE COPY 

FIT- 29 had one ir.strur.ent tower at each end of the barge. The 
t overs '- ere separated by a distance of 250 feet which was ©o: siderod , 

to he far enough apart to indicate the extent of variation of the fill- 
out within a small region. Three pontoon rafts (each 15 feet by 16 
feet) vera placed at positions as shcr-.n in Figure 2,3 for all shots. 
Instrumentation for time of fallout arrival, total collection of fall- 
out material, and total exposure reading were placed cn these rafts, 

Skiffs ware deep roared in the oeoan north of Bikini Atoll as shown 
in Figure 2,5, Bach stiff contained the ease general type instrumenta- 
tion as was placed on the rafts, However, in a-i d it i on^ penat ration 
recorders vert- placed cn sene cliff in stall" t ions. Figure 2,6 shows 
the detail of a skiff station. Beginning two to three days after a 
shot the US3 SIOUX was used to recover the skiffs, collect the samples 
and data, ani re-arn the skiff for the next shot. 'g/tH 
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2.?. 3 TAl'e cri 1ST* The YA3-39, YAO-40 end LST-611 were the mat 
eoicplctely instrmented stations in tho fallout prosrajn* The vessels 
vere designed so they could be raneuvered into key positions in the 
fella* area for ^ach ahiot. They were directed to such positions by 




calculations based on known' and predicted virid data* Those vessels -wer*^ 

equivalent^to land collection stations and wore necessary because of 
r 

the very llrdted land areas at the PPG. These s irs vere named end 
when fallout arrived, the s ail crew went to a shielded rocc in each 
ship and controlled the ship from there* The fallout instrumentation 
vas designed to be operated froa this control rocra and cuch of the 


r' 


data vas recorded there. Figure 2,7 shows the details of the instrumen- 


tation on the YA-l’s, A. s'Aeliod laboratory tss installed on YA0-40 to 
rake very early ■ e? surer:ento on decay, epcctrta, etc, of the fallout 

raterial* BEST AVAILABLE COPY 

2,3,4 P27 Aircraft and Heli cortcra , ?27 aircraft equipp-d with 
scintillator detectors flew at altitudes free 200 feet to 400 feet over 
the water areas soon after fallout vas complete. On shot day, aircraft 
surveyed the areas near Bikini Atoll after the fallout was dovsn in these 
areas. On s? ee® ding days, one or roore planes surveyed tha ocean area 
farther out as fallout ceased. Prior to shots KAY A JO and TrA: A, a P2Y 
aerial survey was *aie of the area to the vest of Bikini to check the 
area of radioactive effluent fron the Bikini lagoon, 
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Fixture 2.7 V&SSB. CRAIOTIE S. riALL, TAG 39. Fallout eolloction stations ! 
ore for Project 2.63 union a otherwise noted. Ship operation was under ^ 
! the direction of Pro.loot 2.10. \jci 



Rad'nticm exposure rate Eeasureiocnts on land surfaces were Made lay 
using a probe attached to a cable and lowering the probe froa a bell* 
copter to tb3 ground. Figure 2.8 shows sore of the details of how these 
neasurenenta vere Bade. The haliooptsr hovered over the Island at 
altitudes Area 500 to 1,000 feet end therefore this technique permitted 
very early Deasarenents to be Made without excessive radiation dosage 
to personnel. 

2.3.5 Two DB's. E/7 BBtlZOK. end LCT-1136 . VMle the 140' s and LSI 
vere located at key positions in the fallout pattern at the tine of fall- 
out, the two IB's, K/Y HCfcIZOd, and I£U-1136 vere not directed into the 
pattern until the fallout ves complete. Once the fallout had ceased, 
the two US's vere dispatched into the area to rake passes across it cad 
establish the boundaries of the fallout pattern as veil as to rake a da* 

& * ~C7 - * ^ J ' t # - C ~ " 

tailed survey of the pattern vithin these boundaries^ The X/V ROB EOS 
was a slower vessel and mda a eonevhat core detailed oceanographic sur- 
vey in the fallout area end thus corplerented the core rapid surveys of 
the two EE's. The I£U-1136 ias.de oceanographic type surveys of Bikini Lagoon 


■while the other three vessels oovered the vr-st areas of the fallout in 
the ocean after the five shots of interest to the fallout pro g r a a. All 
of the survey vessels cade surface and depth profile reasurerents of 
the activity and collected water scsples. Just prior to BA7AJ0, en 
oceanographic survey was cede to date mine background activity which 
right rask the low levels anticipated iron this shot* 
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Figure 2,8 Arrangcrent of Project 2,65 probe for reasureaent of ganna 
'doss rates, 
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was located ir the Flag Cor-rar/c 'lions Cotter aboard the Task Tores 


&VFN Coiczanl ship, the USS TSTTS. The j~rlmry reason for locating the 
Center here vas the availability cf corrrr.Lcoticr s ret ired for contact 


79 ecuvxnou am on vne oaexs 

IcV 7^ /#. ^«>.^ fUc^^y 

instructed^ Vork on these " s . 


with the «Mps on d aircraft* 

Feteorologicsl data and predictions vare octainod and on the basis 
of these a afartte particle fall plot vas oonstre 
plots was began on D-l vhen the first shdp was directed into the area 
where fallout \*as expected* This plot was revised as later rr-eteoro log- 
ical data and predictions were received. A cm start revision of the 
plot '.■as necossarv since the 1ST and tue tvo YAC*s bad to leave the 
Bikini Lr.goon on D-l in order to arrive at locations in the predicted 
fallout area. The tire variation of the vin ! e also resulted in rinor 
chang --s in the positions of ths YAl’s ar.d L-PT— 6H being node after shot 
tine in order tb?t the aliips ba in the root favorable locations vhen 
fallout arrived* Direct ©ornunications between the Frogren Tvo Control 
Oerter *nd the project ships p-;rrdtted the desired close control on the 

positioning of the ships. AVAILABLE COPY 

The F27 aircraft, based at Kvajaleir, began their survey around 
Eikini Atoll on shot day. From the Control Center they were given 
instructions regarding their flight paths over the area, as far as 
possible avoidirg regions where fallout right still be coming down. 


FRC 
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Once the gamer al 
aircraft, the two i-C 1 


r.rx* cf closo-ln fallout v«o deliiicivei bjr 11. e P27 
& td«i tV* -/. T ICIJClCu were direct eJ into uhie mx-aa 


to begin an occanojrajdiic survey, and the ICU-U36 began a survey of 
3i’tdri lagoon. 


By relaying to the o' dps successive courses and points to which to 
proceed and receiving reports from the ships on their speed end position 
fixes, a detailed plot of the trace of tech ship was min tain el in the 
Control Center* A sinilns^ilnt j&s raintained for the flights nude by 

EaST available £ 


copy 


the P27 aircraft* 

Fallout data fron the various slips and aircraft were reported 
directly to the Program Two Control Center* Here the information vas 
recorded in data boohs by the various projects and also placed on a 
1’cst or Operations I lot. In addition to the da' a cbtainod from the ships 


and aircraft, radiation readings on the islands in Bikini Atoll vere 

, t' ) 

obtained from the group performing tie atoll serial survey ?-nd from the * “T '• * 
Re.d3r.fe organisation. These data vere also recorded on the Vaster 
Opc rations Plot, 

The Control Center continued in operation for as long as five or 


six days after an event vr.ile the survey ships vere completing their 


detailed oceanographic survey of the fallout area, 

SAIS 

2.3.7 Correlation Ktesuresorrts . The instr u m ent ation was very car©- 
fully correlated between the various projects. Project 2.65, which had 
fallout collection and radiation reading instrumentation at land sta- 
tions, placed the sr.no type of lnstrunentation aboard the two TAC*s and 
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5i-.il: rl*. 



cno of the Till ix-r^ot. 5i-.il: rH* , rroject Z.CC, vrith icslgr.-d the 
Ir.ciru-v-niatlon aboi-rd the tv3 TAJ ' u , 1ST, tti Tm buries installed 
t c£jor lar»i &*. alien si the northern tip of KC*.’ I Bland for crogg call- 
Ira tier. Tile otflion ccneiEtc-i of a tov;cr containing e. c.ajor array of 
£ ratrironntf-t ion very elidlcr to the Iriotrur^titcl tovore on the Til’s, 
1ST nsA TFJ13 b-.rceB. 
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CHAPTER 3 
RESULTS 


3,1 THS LARD SORPACS BURST 
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XJjlUL Introduction . The Zuni Shot vis fired at the rarfaoe e t 

Site Tare on SB Rjj 1956, at 055f>W. The yield of tho weapon was xearared 

^ n -»• - ~.r 

to be approximately ■■ of 

pH ^\t ha* therefore been assumed that all radiation readings pre- 
s ente d for fallo ut froa this device should be 

^ deleter 


jZC^re. fyr. i~-* * y^j'vv, /X/ £•«//* u. 

The environment of the Zuni weapon is Illustrated in figure 3*1 on 

which Is also drawn the outline of the er&ter forced by the detonation. 

(/%- 

Clearly a large fraction of the crater was In land and reef, although a 

y*-' 

part of it extended into the deep lagoon vat or. Zunl was considered as 
a land surface shot, although tha proximity of the deep lagoon introduced 
nlnor nodifications which aay cake it sin liar to a shallow harbor burst. 

3. 1.1, a Dis tribution of Activity In the Sta bilised Cloud . Measure- 
ments of the radiation field at various positions in the nuclear cloud 
were aade at H/7 minutes and H^L5 ninrutea by the Project 2.61 rockets . 

The exporure rate data as recorded on sagnetio tape have bean subjected 
to preliminary analysis. The preliminary reduction of this data to in- 
formation concerning the dlstritation of active aaterial in the cloud 

CAN brcno 

Is subject to the following limitations j 

. . a. 

(a) The road -out circuit is not as elaborate and free froa nolo# 
interference as that to be used in the final analysis. 



RESTR 







Figure 3.1 Aerial View of Site Tare With Overlay of the Zunl Crater 
















posurt rate versus time record la quite certain for soae traces* but not 
in the case of others* Bo waver* the nain conclusions to be drawn fron 
the data will probably be insensitive to tbe exact identification of all 
the traoes* 

(o) The rocket trajectories are based on tbe data available In the 
field and luay be improved ty euteequent analysis of data frca test fir- 
ings* 

(d) Tbo calibration of tbe ion chamber detectors at high exposure 

rates is not linear and suoh readings nay have to be altered using better 
calibration curves* AVAILABLE COPY 

(e) There is sooo uncertainty in the roro tine on a nurbor of records 
as related to the Itranoh tire of tbo rockets. 

It is dscirablo to precent the data in such a forn that it danen- 
strate3 the concentration of sotcco activity at various positions in t}*e 
cloud* The exposure rate readings at a particular location actually 
represent the cucvlatlve effect of e&vy soirees distributed over a 
volume whose dimensions ere of the order of the attenuation length for 
the garae rays. Tbie attenuation length is inversely proportional to 
the density of tbo air an d varies free about 400 feet at sea level to 
1*400 fest at an altitude of 40*000 feet, and to 10*000 feet at an alti- 
tude of 80,000 feet. Therefore* the observed exposure rates actually 
measure average distributions of activity over voluces having the given 
dimensions. Since these voliraes, particularly near the botten of the 
cloud* represent a snail part of the total cloud volme, this method of 


Measurement of the activity is meaningful. In presenting the data, thi 
observed exposure rat# readings wero srnltiplied by tho ratio of the air 
density at the data point to the eea level density. The result represent* 
the exposure rate that would have been observed had the same density of 
souroea been present in air at eea level pressure and temperature, and 
therefore is proportional to the activity oonoontration. A crude calcu- 
lation predicts that a distribution of 1 curie,^ under those conditions 
would produce an exposure rate of about 1,200 r/tir, 

8ubject to tho limitations discuseod above, the reduced expo rare rate 
readings are presented in Figure* 3.2 and 3.4 for the 7 end 15 minute 
salvos respectively. The mushroom outline presented is a cvoBB-section 
in the plane of the rochet trajectories which has been constructed oa 
the basis of the assvGaption that the cloud and etcs move froa xoro tine 
to rocket firing tine under the influence of the Measured H-hour winds. 
Figures 3.3 and 3.5 represent views along the rocket trajectories which 
indicate where the plane of the trajectories intersected the oloud and 
e tea. The aseunod mushroom dissensions are illustrated in the inset in 
Figure 3*2 which represents a mushroom uniisturbod by wind notion. The 
cloud was constructed by sealing up the d invasions of some photographs 
of the Dakota cloud j|^BH guided by visual observations and size 
versus yield data frees p regions operations (Reforonoe 10). 

Further data is also available free the Project 2.C6 aircraft pene- 


trations, but these were taken at appreciably later tines. The observed 

exposure rate readinge havo been extrapolated to B/lS Minutes using a ^ 

-2 O l/ % 

t expression as detem ined by previous aircraft penetrations into 

1/ The measurements performed at Operation REDWIRG Indicate an exponent 
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Figure 3.3 Poking Along Plane of H/7 Minute Rockets Toward Zuni Cloud 
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tbs aushroacs fron eoeevhat lover yield ds to nations. These readings hare 
been included in figure 3,1, but mat be considered tentative subject to 
uncertainties in the decay factors and the aircraft position relative to 

it 

the Main cloud. , . rVl . 
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;■ ? e 1 a ?l #3_Parttgle_yall_ # (See Appendix B.) Figure 3Jk lepreient* 

•r 

thi$ particle fall plot for the vlsds Measured at and after shot tine for the 
Zuai event. This plot represents the positloa on the surface at which a 
particle would arrive if it originated at a given altitude above surf^ps 
aero. The plot has been constructed taking into account the tine and 
space variation of the wind pattern, but is subject to the following limi- 
tations s BEST AVAILABLE COPY 

(a) The continuous vertical line source above ground xero vas approxi- 
laated by Increments at 5,000 feet levels. 

(b) The wind velocity at a 5,000 feet level was assumed to reprosont 
the average velocity in the 5,000 feet interval centered at that level. 

(c) The particles ware assumed to drift with the local wind and to 
fall a* governed by gravity and a typical air density and temperature 
versus height structure. 

(d) Tha effect of vertical air motions on particle fall rates has 
been neglected. 

(e ) The space variations of the wind profile were deduced ty cursory 
examination of the Enivetok and Rongerik winds and tha synoptio charts 
which were constructed twice daily. A more detailed osteorological 
analysis of the eir notions would probably Introduce soma alight modlfi- 
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Any correlation of this plot end the actual fallout pattern oust talc 


* <■ f>‘ 


into consideration the large horizontal dimension* of the initial cloud* 


Sanely, a particular point on the ground say receive material not only 
from the particular size-height numbers associated with that point hot 
froon all euoh mmbir pairs which fall within a cloud radius of that point 
For ref erenow , the estimated cloud and stem disasters are given as an 
insert to Figure 3*6* 

One other effect ear also influence the fallout pattern and is not 
easily predictable* The effective else of a partial© can change os it 
fallal This change is usually effected as condensation or evaporation 
of water and can manifest itself in one enso ns c concentrated radioac- 
tive region from local rain-out of material which would nomally have 
been distributed over a large area. 

^.1.1. / . Chnracterlzatlap of fallout Materiel . The following gener- 
al conclusions wore drawn fro® tbs preliminary fallout analysis of 
Project 2.65* 


(a) Two types of particles appeared at Sits Eravo; a white irregular 
coral particle ana an almost perfect sphere, the former being nost 
abundant* The coral particle consisted of CaCOj with soeae CaO and 
fe(CH) 2 , and the spheres wire mostly CaO or CafCEOo with a rarfaoe ooat- 

lag of Caco,. BEST AVA) L ABLE COPY 

(b) Radioactivity we distributed throughout the volte?® in the aost 
active particles and only a few largo particles showed a surface deposit 
of active material • The average activity per particle for the spheres 
was roughly ten t fines as great as for the ooral particles* 

is assumed to include droplets* 


1 / In this treatment the word r p$ 


^c) The cast abuniant particle else at- the else at the varIo*js sta- 
tions vers as presented In Table 3.1. 

$a. v-ffo 

TAZIE 3.1 PROJECT 2.65 P4BTICIE SIZE AHD P3iCEHr CP TOTAi/aCTIVITI 


Station 

Particle Siso 
(nicroos) 

Percent of 
Total t Activity 




Bravo 

210-420 

12 


420-840 

54 


840 

19 

Charlie 

44-74 

16 


210-420 

25 


420-840 

24 


E 40 

10 

loke 

44-74 

10 


210-420 

12 


420-840 

42 


8 40 

15 

IAG 40 

44-74 

12 

t 

74-105 

16 


105-149 

14 


149-210 

36 


210-420 

15 


Koto* Only fractions contributing 10 percent of more 

of the activity have been included in this table. 

(d) The apparent rapture to fission ratio as derived by ceasuring 
239 99 

the Up and V 7 activities varied markedly froo eacple to ssaple. 

239 

The liquid s ary lea wore deficient la Tip by a factor of 10-100 as com- 
pared vith the solid sables. The apprent capture to fission ratio Taried 
for different particle aia© fractions between 0.44 and 1.54 for the Site 
Bravo sanple and between C.66 and 1.52 for the IAu 40 saryle. The sane 
analysis performed on a cloud sample provided by UCRL yielded a ratio of 
only 0.121. The ratio reported by DCRL for the cloud samples was 0.36. 

BEST AVAILABLE COPY 



At present it is not possible to evaluate the cause of those variations. 

The Protest 2.63 laboratory aboard the TAG 40 studied some individual 
particles and arrived at the following preliminary conclusions* 

(a) The fallout material was very similar to that resulting free* the 
Bravo shot at Operation CAST IE. The most prodeednant particle types were 
solid, irregular chunks and snowflake type of agrlneeratee. A very fev 
white spherical particles were also present. The material appeared to 
oonsiat of Ca(0R)2 for the moat part. 

(b) Ch the basis of very preliminary data, the agglomerates appeared 
to be more active than the chunks. 

(c) More detailed information war not available until the continental 

laboratory analyses were oceplete. BEST AVAILABLE COPY 

3. 1.1.5 Wr.on 1 valent Distribution of Fallout Hater! al . The results 

of the surveys of the fallout area have bate represented conventionally 

oo 

as the land equivalent exposure rate readings at a 3 f^^t height at 
H/l hour. In other words, the distribution of activity is rvoasurod by 
specifying the exposure rate that vouli be observed by a detector at a 


height of 3 feet above an infinite plana upon which the material has 
fallen and remained in place. This reading is extrapolated by a decay 
curve back to H/l hour, even though, in all likelihood, the fallout 
material had not arrived at its surface location at this early time. 

In any oase, such a plot is a representation of the rurfaoe density of 
active material, differing fro a a plot of curies per unit area by * 
factor which depends on the gaccna ray energy spectrum. ^ 


V* 


Subject to the measurement of accurate decay curves for ttes i o g^fuifi on 


I 


/dt-lull, 

fallout tatcrial* ft t“ 


VV 

1. 


. a. >JU *9 focc~ ( Z> 

relationship has been esoumd 


for txpezur* rate readings fron land surface di atriUition of f alloat. 

Such a decay curve represents the fission product t”^*^ decay pins an in- 
creasing relative contribution free Kp 2 *^, It is therefore expected to 

i 

be reasonably accurate for the first 4 to 6 days until the Hp relative 

ft 

contribution again decreases and a grantor negative exponent beooncs 
appropriate. 

Exposure rate readings in and above contgcinntod water are doubly 
sensitive to charges in the gsjansa energy spectrca through its influence 
on the effective source as well as on the spectra® ct the reaJuritg device, 
for this reason the decay exponent that was applied to the water readings 

was that manured in the decay tank aboard the 1-/Y Horizon, ?or the Shot 

1 . 1 } 

Ztini fallout this was ueasured to be ir©5. 

The data for the fallout radiation plot in Figure ?,7 have teen secured 

froG the following sources* BEST AVAILABLE COPY 

(a) Project 2,65 holioopter-prcbe aerial survey* This survey directly 
reasured the exposure rate at a position 3 feet above the ground of Bone 
of the atoll islands. The readings for successive days! sur v e ys were 
e:rtrnpolr.ted to E/1 hour and averaged, 

(b) PadSafe surveys* Tbs BadSaffc aerial readings were reduced to 3 


Z t 

Test readings using calculated hei^it conversion coefficients (see 

t 

Appendix C) and ea additional factor of 1,5, This factor has been found 

. ^ 

necessary to nomalize the readings to those taken with the project 2,65 
survey. The 2,65 instrument actually cade ceasurenents at 3 feet and 
had been well calibrated before and after use. The conversion factor 
is probably doe to the geoeetry of the RadSafe detector unit in its 
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attachment to the helicopter* Other readings on islands wore also avail- 
able from recovery party monitors. 

(o) The Project 2.63 standard geometry monitor readings on the bottles 

collecting t!*e total fallout on the pontoon raft, skiff, and island sta- 

* ‘ *' *"**•*» * .... 

tions wsre used to dotemine the relative ground readings at these loca- 
tions* The readings wore nomalised to the infinite land exposure rats 
by using the. masurad. 3 feet exposure rata at Sites George and ViHirja 
together with the bottle monitor reading from the station there* This 
procedure is subject to setae errors duo to the possible variation in the 
collection efficiency with position in the fallout zone. For exaaple, 
the funnel type collectors are more likely to retain large particulate 
than a fine aerosol and tiance are likely to be more efficient at the 
stations nearer the shot point* 

(d) The TAG 39 and TAG 40 "tine- intensity recorder" on the forward 
deck provided exposure rate readings which approximate the laid equiva- 
lent reading, although they ware affected by the efficiency of the deck 
as a collecting surface* In general, these readings vs re found to be 
low compared to raessurenents in the oca an water txd sonitor readings of 

total collector samples* BEST AVAILABLE COPY 

/icartiAyii 

(e) The etasdord geseoiay taken tinder conditions of standard ge ace try 
of the Project 2.63 open-close collector trays and the total collector 
trays also furnished relative readings at the following locations* 

Berth Site Sow, TFKB barges, TAG 39, TAG 40, and the 1ST 611* These 
readings were normalised using the reading of the ocean water at the 

TAG 40 position. Again these readings are subject to error from a vary- 
ing fallout collection efficiency* 



(f) The Two TA.G f e, the Project 2.62 K's, and the H/7 Horizon perfornsd 
*eaeure»ents of exposure rate as a function of depth in the water. These 
readings giro a direct estimate of the total activity present in a verti- 
cal column of water and hence of the equivalent land rate. These exposure 
rate verms depth profiles wore also intended to provide aa average depth 
of alxing eo that the ao re mrscrous surface readings could also he used to 
corapate land equivalent exposure rates. Severer, sinoa the "uni shot was 
detonated oa landytruch of the activity was associated with sizeable solid 
particles and only part of ths activity regained in tbs upper few hundred 
asters accessible to the probe. Th-is, these readings are subject to 

relatively large errors. BEST AVAILABLE COPY 

(g) The numerous surface eapopure rate readings measured by the survey 
vessel# and. the TAG ’ s can be reduced to equivalent land radiation readings 
if the effective depth of mixing of the radioactive water is known. The 
preliminary rodvertion of the radiation depth profile data indicated that 
the depth of penetration was about 54 voters at H,4lO hours, increased 
linearly to 90 meters at P/30 hours, and regained constant after this 
time. The data from the surface readings were therefore reduced using 
these depths of penetration at all 'positions in the fallout pattern. 
Neglecting space variations in the depth of penetration can produce sane 
errors, particularly close in, because tbs larger sized particulate in 
the fallout which arrives nearer to the shot point is likely to penetrate 
sore rapidly under the influence of gravity than would be axpected from 
tha water nixing rate. Therefore, the effective depth of nixing could 
easily be Mich greater near ground zero than in the acre reasote regions 
of the fallout pattern where smaller particulate is responsible for the 
activity. 
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@yt CTT-tld Cfi. tb £. ■ 

fha factor reduce, the reading under the surfaoe of tha water 

fr *4 Zt 4u ^ £?L+-t + 


i #t (■ 


to the equlTalent land rate &rtr* 1C X d, whero d it the depth of mixing* ^ v, J 

^ ? ;> f 

This factor can be derived as follows* the activity present In^M? a* &****?•**. i 

. -//, /<W. \ • , , ^ 

of water 1s to be placed on one wr of surface, and a density of 1 curia/** 

t r . X/ < &&**-*— j 

in yater produces one tenth of tha exposure rate -*»*a Surface distribution 

v « * 

of 1 curie/* • (See Appendix C,) 

4 rough correction vas aade in the survey data for the notion of the 
ooeas water subsequent to the deposition cf the fallout* For the purposes 
of this preliminary report the currents were approximated by a unifora 
drift of 10 nautical miles per day toward 260 degrees asizzuth in the 
region north of 12 degrees 00 minutes north latitude, & drift of 10 miles 
per day toward 180 degrees azirruth in the region southwest of Bikini 
Atoll, and a zero drift southeast of Bikini Atoll* Those notion patterns 
vere smoothly connected in intermediate regions* The notion va6 as suuod 
to convenes at an average tine arrlrA of H/6 hours* 

(h) The Project 2,64 aerial survey readings taken at an altitude of 
about 300 feet were reduced to readings in the water by nultiplication 
by a factor of 10* This factor included a factor of 3*3 for the finite 
acceptance angle of the detector, 1*3 for the effective air attenuation 
between the water surface and 300 feet, and 2 to convert the reading over 
the water into a reading inside the water (sea Appendix C). Using the 
sane normalization factor computed for the Project 2*62 water readings, 
these numbers were reduced to equivalent land exposure rates* 

i. 3*1. 1.6 Central T^ne of Arrival Contours * The contours in Figure 3*8 
represent the calculated times at which a particle originating directly 
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above surface ssro would arrive at a location on the surface* The facrt 
at contours ara exhibited which indicate two fallout tlaos associated 
with aone points results from ths possibility that particles frco two 
regions in the initial cloud can arrive at the point* Slnoe the initial 
cloud Is rot a vertical line source but has appreciable horizontal extent, 
the actual tine of arrival at a point corresponds to. the ninimsa c antral- 
"arrival) f ^r a Likewise, the tine 

of cessation corresponds to the mxinJB central tine of arrival for all 

-f . 

.j^iwte within i-oloud-Tsdiue* 

Figure 3*8 also presents ths observed tbse of arrival, tins of peak 
rate of arrival of activity, and tine of cessation of fallout observed 
for the Zuni event. The data is gathered frea the following sources* 

(a) Tire of arrival detectors on ths skiffs and pontoon rafts. 

(b) Gama "tirse-lrrfcanFity recorders* aboard TIG 39, TAG 40, 1ST 611, 
XF2© 13, YFf© 29, and the Site How station of Project 2.63. 

(c) Honitorr cf trays of incremental rarplers located aboard chips by 
Project 2*63 end oa Islands by Project 2.65. 

(d V-Thc g^rsaa e x posur e rate recorders Installed at -soae-lasd • stations 

ty ^ BEST AVAILABLE COPY 

3«- «1**7 Ten Hour Exposure Contours . For applications to practical 
military situations, the H/l hour land equivalent exposure rate is not 
particularly appropriate. The tine a of arrival of the fallout may vary 
greatly along a particular radiation contour and hence ths total dosage 
to personnel la those areas will very. Figure 3.9 presents contours of 


the total exposure received at locations In the fallout sons from the 
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centn v tiro of arrival of fallout until 10 hour* later* The figure has 

l* 

boon f bnatructed using tbs experimental fallout radiation distribution 
from Figure 3.7 and the calculated central tine at arrival contours of 
figure 3*8. the assumption has been made that tbs activity decays 
according to a t"* # ® decay relationship. In interpreting this plot in 
terms of exposure to personnel experiencing the fallout tire asouaptian 
is made that the exposure is the same ^ that ^vould have been exporionood 
if all the material had arrived at the central time of arrival of fall- 
out. This assumption is equivalent to an assumption of equal ora as 

demonstrated in Figure 3.10. BEST AVAILABLE COPT 

The total exposure data of the Project 2.1 film badges and dosimeters 
were corrected for the difference between recovery time and 10 hours 
after the central tire of arrival and have boon presented as data points 
on Figure 3.9. 


3.14 ■& Cross Deca y 


• The decay characteristics of the fall- 


out samples will be, in general, determined by the combination of the 
fission product and neutron activation product decays. The predominant 
capture product activity at the times the samples were observed was from 
Iip 2 ^ (2.3 day half life) which occurs in abundance whenever the fission 
yield of the weapon results mostly frees fast neutron fission of TF^* 

The assumption of a t“^*° decay for analysis of the Zuni fallout radia- 

fit'll fffc 

tion date was chosen to represent the combination of the fission procn 
and Bp activity during the period of tire surveys (1 to P.A). later, 

sore precise analyses will undoubtedly be based on the actual obsar^sd^s 

decay. 
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Figure 3.10 Calculation of Ten Hour Exposure Values. Ten hour exposure as used 
in this report is area under curve from central time of arrival to 
central time of arrival plus 10 hours. 





T.a capture to fission ratio reported by FCRL far the Ztml event 

vas approximately 0.36. 

FrellBlnary observations by JVoJects 2.63 and 2.65 on the caeca photon 
decay, gscna exposure rate dscay, beta disintegrations per minute decay, 
as# the g3E?a exposure rate decay observed by reanxrementr on radiation ... ... .... 
fields freer contaminated islands are surraarlxed la Table 3.2. The pre- 
lln.lna.ry results frcaa Projects 2,62 on the decay oonstant applicable to 
the garsna expot ure rata seasured la contaminated water has ale© been In- 
cluded In Table 3.2. 
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TAB IE 3.2 CRCES DSC AT EXPORTS FCF ZUSI 


A(t 2 ) r 



Tina Range (hours) 

5-20 , 

20-50 . 

50-200 j 


Gagne FhotcnsP 

C.6 

0.6 

1.2 

1 

Gaxira Exposure Rate 

0.9 

0.9 

1.0 

I 

Beta dis/aln § 

0.6-C.9 

0.7-1 *4 

0. 8-1.0 

I 

Field Ganaa Exposure 
rate 

! 

0.9 

M 3 

- 


Gemma Exposure in 
Water 


2535 

1 



•TAG 40 Sacplcs only. 

#?asples subject to nuch variation, Rushers quoted 
are ranges of observed decay e^» onents. 



3.1»2 IaCrosse* 

3. 1.2.1 Introduction . The LaCrossa Shot vae fired on an artificial 


island on the reef off Site Yvonne, Eniwetok Atoll, os 5 May 1956, at 
062 5M. The yield of the weapon was measured to be 38.5 KT, The environ- 
stent of the shot point consisted of shallow vater and reef* Therefore, 
the burst was essentially of the land surface type* In the vicinity of 
the burst point was located large quantities of iron pipe used in the 

diagnostic instrumentation* BEST AVAILABLE COPY 

3»1*2.2, Particle Fall Plot . The particle fall plot illustrated in 
Figure g.ll has been constructed for only the larger particle sizes, 
since only the atoll area fallout was documented, and hence does not 
need to include space or time variation of the wind structure. The 
other comments made in Section 3-1. 1.3 about the limitations and interpre- 
tation of this plot are applicable here also* 

3«1.2. 3 Characterization of Fallout Material . Project 2.65 only 
participated on a limited basis in the fallout collection frcra the 
LaCrorse Fhot* The best sample vas secured frcea a truck canvas on Site 
Cane. Two types of particles were observed, one of which appeared to 
resemble natural white coral and the other which vas partially or totally 
black and contained varying amounts of iron* The radioactivity appeared 
to be uniformly distributed throughout the volume of both types of 
particles* Eighty-seven percent of the activity was associated with 
particles in the 210-420 micron sieved size fraction ^Figure 3.11). Pro- 
ject 2.65 observed indications of fractionation of relative to Vty^ • 

The Ya^ activity was assumed to measure the fission product activity and 1 










/ 


a capture to fission ratio vas calculated for each sample. The apparent 

ratio esoBisiS to vary fros sample to sample with possibly a decrease with 

increasing particle size, varying frera approximately 0.28 in the smallest 

sises (75 micron) to 0,20 in the largest (200 micron). These numbers are 

* 

appreciably larger than those from the cloud sample analysis performed 

by LASL vhich yielded a capture to fission ratio of 0.086. Therefore, 

239 

there vas apparently an over abundance of Np in these samples as com- 
pared vith the Ho^. 


3. 1,2. 4 Land Equivalent Distribution of Fallffcrfr . Radiation data at 
sites on the islands vers available from tvo sources* The Project 2.65 
helicopter-probe surrey and RadSafe readings. The probe readings hare been 
corrected to E/l hour by using a t“ * decay expression. In addition to 
this factor, the RadSafe readings were converted from readings at 25 foot 
and 50 foot altitudes to 3 foot readings by multiplying by 2.5 and 3.2 
respectively. Vhere many readings were taken over the 8 are island, the 
D-day RadSafe reading and the three successive day probe readings vera 
averaged. In these cases the consistency of the readings vas within a 
factor of tvo. Th9 resulting radiation pattern is characterised by the 
data points in Figure 3.12. Unfortunately, the data do not cover enough 
area to allow contours to be drawn, so only a few general conclusions 
will be derived from this event. The radiation levels near the crater 


are indicated in Figure 3.13. BEST AVAILABLE COPY 

3. 1.2. 5 Central Time of Arrival Contours . Figure 3,14 presents the 
predicted central tire of arrival contours for the IaCrosse fhet. Ho 
time of arrival detectors were operating during the fallout from this 
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FiEure 3.13 LaCrosae Exposure Ttatoa Near Crator. Equivalent land roadinpa on the 
reef and on Yvonne converted to r/hr at H/l. 
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©Tent, tot these contour* cm be used to eorpare total exposure aeasnre- 
k£cts with exposure rate xeasurcuents, end henoe are presented hare far 


convenience only; 
2JJU6 Cross 


Project 2.65 tttsnred eeparetoly the 


gcicar and beta -decay carves of the LaCrosse fallout singles over .the 

y * 

period £ro« 30 hoars to 530 hours. The decay exponent of the gaxca ex- 
posure rate vas observed to be 1.3 end of the beta Intensity (counts 
per *&inste) 1.2. The gasna exposure rate readings in the field bad a 
decay exponent of 1.4* 

3.1. 3.1 T T]trotttatlon . The Kohavk device was detonated on a 300 
feet tower at Site Ruby on 3 July 1956, at 0606T. The yield of the 

weapon vas nruurod to be 



of vhlchl 

Since the fireball radius vas gro iter the locr^ cant r.i 

nation produced by tbe Koh'iik Shot should be at least . .t 

producud by the sane yield surface burst. To correct for i over Ini /at 



end the 


r, 

best available 


COPY 


.£r^m- a 2 participation In the Kohavk event vas United to the 
Project 2.65 helicopter probe aerial survey. 

3.1 . 3. 2 Particle Fall Plot . Since only the close-in fallout was 
f’oeunented, the particle fall plot has been constructed for the larger 
particles only and was not corrected for any space and tine variations 
of the wind profile. Figure 3. 15 repre suets tbe particle fall plot far 

f 

tbe Kohawk Shot tire winds and is, of course, subject to the Unitatlons 









of accuracy end interpretation 

3. 1.3.3 L?jxlBculvrJtent Distributio n of Fallout. Throe foot bigh exposure 
rate reading* were available frcn the Project 2.65 curve/ as veil as the 
RadSefe survey of the oontanlnated islands. Both sets of readings were ex- 
trapolated to H/l hour by using a decay equation. The RadSafe read- 

ings at 25 feet and 50 feet altitude were converted to 3 feet readings by 
multiplying by 2.5 and 3.2, respectively. The resultant exposure rates ere 
plotted as data points on a nap in Figure 3.16. The observed field gsnoa 
exposure rate decay exponent was 1.1. It is interesting to note that read- 
ings dolt tbs crater, extrapolated to B/l hour, in many cases exceeded 
10,000 r/hr. These values are higher than any previous extrapolated values 
based on D-day rersurenents. 

1.3. 4 Central Tine of <yr !v^ CQa t crtrs . The constructed oentral tine 
of arrival contours ere presented in Figure 3.17. There was no drta tsken 
relative tc such neasurenents end these contours ere present'd for oo.ivcn- 
ience in Graving conclusions about total exposure only. 


3.1.4 Te~ra. 
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l. The Teva device va3 detonated on a barge in 


shallov water ever the lagoon reef between Sites Charlie and Dog, Bikini 
it'll, at C546K, 21 July 1956. The yield of the device was neasured to 
be'^MfS vMch 


The e..vironnent prior to firing leva is illr*. s', rated in Figure 3*18* 
Aerial photographs show that a crater of about 3,200 feet in diene ter 
vas produced in the reef. Considering the shallowness of tbs water over 

the reef (0-60 feet), the explosive size of the weapon, end the crater 
size, Teva is considered as a land surface Bhct. With careful analysis 
it cay be found that the lagoon water introduced differences in the 
effects anticipated from a land surf&oe burst. Rovovor, it is exacted 


that these differences will be snail* 
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Figure 3,18 Aerial View of Reef Between Sites Charlie and Dog with an Overlay 
of the Teva Crater* 







ImIxLI Distr ibution of Activity In. tbs Stabilised Clcnd. Limited 
radiation neasurenents were made in the nuclear eloal with four (4) rocket* 
fired at about H/7 minutes. Subject to the limitations given in Section f) 

3. 1.1. 2, the reduced radiation rate readings/rre presented in figure 3.19, 

A view showing the location of the plane of the rockets in the cloud in 
presented in figure 3.20, The dimensions which were used were obtained 
from photographs of the Navajo mushroom taken at H/8 minutes. 

3.I.4. 3 Pe^t j cle Fall Plot . Figure 3.21 represents the particle fall 
plot for the winds measured at and after shot tire for the Teva event# 

The comments and limitations previously given in Sscticn 3. 1.1. 3 are 
equally applicable to this plot. 

In general, the fall- 
out material closely resembled that from the Zuni Shot as well as that 
from CA37 r J5 Bravo, Particle size end chemical analyses will be per forced 

almas t exclusively in continental laboratories end t’iorefore such data 

, . * • ( , 

was not available at the tins of writing of this report, 

3d. 4. 5 Land Bcmivdent_Di^tribratlon of Fellput The fall- 

out documentation projects in Program 2 participated fully in the Tew* 
event asd the radiation data fron the collection of material ami surveys 
is summarised in Figure 3.22, The data are fron the sane sources and 
vere treated in the sane manner as discussed in Section 3, 1,1,5, The 
radiation versus depth profiles indicated an effective depth of penetra- 
tion of activity in the oesaa water varying linearly fron 20 eg tors at 
10 hoars to 62 meters at 33 hours and remaining constant beyond this 
tiro. The decay exponent measured in the decay tank on the K/Y HORIZON 
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Height^,* I0 3 feet 


Figure 3.19 Tewa Cloud at V/7 M' nutoa In the Plano of the Rocket Trajectories 
a Readinrs along trajectories are corrected to sea level and are in 
m units of 103 r/hr. Peak readings are denoted with an x. 
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Figure 3.21 Tetm Particle Fdl ^lek. 
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was 1.34« These depth of pciK«apP9r&d ceftajf wjonant values were used 

la redndng the water survey end the P27 aircraft survey readings to the 

land equivalent exposure rates as presented in the contours of Figure 3.22. 

The uncertainties in this procedure caused by the particulate nature of the 

fallout froxa a lend surface burst have already been discussed in Section 3. 1.1. 5. 

.Central -Tine of ftrrivsl Contours . The central tire of arrival 

contours shown in Figure 3.23 were constructed as discussed in Section 

3. 1.1* 6 and the sane sources provided the data points* 

2jXj. iu2 Ton Hour Broosuye Contourg . The ten hour exposure contours 

and Project 2.1 data points are presented in Figure 3.24. The discussion 

of Section 3. 1.1.7 is applicable to this figure. 

3.1.A.8 Oro^s Decay ' The characteristic beta end g arena decay 

e>:ponont3 observed after the Teva shot are suraarized in Table 3.3. These 

239 

should be interpreted in view of a reported Bp capture to fission ratio 
of about 0.5. It should bo enphasised that these are all preliminary 
values biso-d on only part of the data and do not completely reproduce the 
shape of the decay curve, 

TABLE 3.3 2L03S DECAI EZP0K2ITS FOR T2BL 
j ~j Tire (Bouts) j 5-20 20-50 ( 50-200 

■ — r~— - — — — — — 11 — — ~ |— — 1 ■■ | 

i ( Ganna Photons* i 0.7 0.7 ! - 


i 43 I 

j g j Ganna Exposure Rate 
c i 

^ i Beta dis/fein 0, 

« | 

. Field Gama Exposure Rate 

<§ | Gama Exposure Rate in Water 
BOTE: *TAG 40 samples only. 
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3.2 AIR BURS 13 


3*2«LPtgrpfrre» 

% 

3. 2,1.1 -Introduction . The Cberokoe devioo was dropped from an air- 
craft on 21 Kay 1956, and detonated at a height of about 4,500 feet at 
app^oadmstely 3*7 miles northeast' of Site Charlie. DELETED 

pOjrrEi* 

DELETED! The intended burst point far the 

weapon was directly above Site Charlie so that the fallout data was to be 
applicable to a minimal air burst over land. In actual fact, the weapon 
detonated above the deep ocean and therefore the results of the experiments 
rust be interpreted in that light. 

3» 2^1.2 Distribution of Activity in the Stabilized Cloafl . Two ealvos 

of six rockets each were fired at the Cherokee cloud at IT/7 minutes and 

r/l 5 minutes respectively. Sines the rockets were aired fcccrcling to the 

ii. ;-nded zero point and hence were in a plane ebout 3.7 riles awey from 

the actual zero point, the lc-.er trajectories C*<1 not intercept the snail 

E-tor. of the nuclear mushroom* However, tlej 1-rge dire n^ic-ns of the cloud 

provided sufficient opportunity far a number of good data < races. The 

r o: 'Its are plotted in Figure 3.25 and Figure 3*27 for the 7 minute and 

15 minute salvos respectively, according to the method described in 
3.1.1.2 

Section and using the some cloud dimensions which were developed 

for Zuni end a sorewhat smaller eteo diameter* The location of the plane 
of the rocket trajectories through the mshroon is Illustrated in Figures 
3.26 and 3.28. 
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r%uro 3.25 Chorokoo Cloud at tl/7 liinuteo In the Plano of the Rocket 
Trajectories. Readings along trajectories are corrected to sea level 
and are In units of Kk r/hr. Peak readings are denoted with an x. 
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71 £uro 3*27 Cborokoo Cloud at H/L5 Mlrrutoo In tho Plans of tho Rocket 
Trajectories, Readings along trajootorioa are corrected to sea level 
and are In units of 10? r/hr. Peak readings are denoted with an x. 
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Figure 3.28 Looking Along Plane of the H/L5 Minute Hooka ta Toward 
Cloud. 
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The Project 2.66 rJLrcrcft perfvrmd sons penetrations at approximately 
E/I hxpr* into tb» la -or portions of the Cherokee cl end and the reeding*, 
extrtpol'-ted back to E/15 rd irate a by using 2 for the dcecy eapenont, are 
also presented in Figure 3.27. Tiruai observations from the aircraft in- 
dicated that the rod-brovn color, characteristic of oxides of nitrogen 
vhich cm usually associated with intense radiation in nuclear clouds, vs* 
present chore the flight altitudes# Therefore, the radiation fields de- 
tected by the aircraft were undoubtedly Each ssxllor than those present at 

higher altitudes* BEST AVAILABLE COPY 

2. 1.3, f art lple Ffil Plot . Figure 3.29 reprosaats the particle fall 
plot for the winds censured at shot ties at Bikini -toll for t2» Cheix>kee 
event. *»o space end tiro vardatiov-O of the vriral profile have been included 
in this plot fox* tvo reasons; (l) the Ynrictioes .o:*e not largo, a: id (2) 
no ?p.reciible fallout ves asperieaoed, to detailed correlation with 
position in the cloud could not be achieved. ?! o interpretation of such 
& particle fall plot has been uazr»arincd in Section 3. 1.1.3. 

3. 2.1*4 Me .txj.btti-rn Figure 3.30 portrays the paths 

follovad by the tarfn.ee vessel s end the aircraft through the predicted 
fallout area daring the Cherokee fallout surrey. The surrey readings 
were essentially background levels throughout the svxvsj. The upper 
lirdt of the land e^iiralent erpeoure rate readings in the surveyed area 

••1 o 

vas less than 0.5 r/br when cutrapclatcd to E/1 boar by a t * decay 








equation. A ccrpmiscr. of Figure 3.33 with Figure 3.29 indicates that 
it is unlikely that any major fallout areas were ids sod by the survey 
vehicles end therefore it is clear that this particular type of event 
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docs not produce an appreciable d.'.aity cf fsllout contudratlon. 


2 j£»<L$£12L» The Osa^e device was detonated et a height of 630 feet 
«7or fUto Tfonao at Ul/fl on 16 June 1956, The yield vaa noasured to he 


! 


I ^ The only cvailehle date on radiation IotbIs is frou R&dSafe sur» 
Toy3 sines no Progrn* 5 f ulloat projects participated. The hour ex- 
posure* rate at ground zero vns runsnred to be shout 16 r/hr, *11 ether 
SDusarerents could net be distinguished froa tbs residual radiation fro* 
previous detonations. 


3.3 WATER SCRP-G2 FIRSTS 

3,3Ajk&afl- 
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Copy 


3. 3.1.1 Intixylnction , Tbs Flot'ocad. Shot was fired on a barge located 
off Site Deg (sec Figure 3,31) at 062& on 12 Tone 1956. The yield was 
nensjured to bej 



Tlfi only lurge 

tusne3 of isr.t&Tial in the shot barge were ct*. si (sheet ZCC U ..s) aid coral 
(ebeut 230 torus). It would not ho surprising if a saarll lot rrasuraLle 
eisoimt of these s^terials was found in the fallout collectors since a 


calculation a^-scslng that there is no fractionation, n&Eely thst the 
fie cion product activity is proportional to the total ness of barge 
r-terial deposited, predicts that about 3 eg each of Iron end ooral should 
be de^osiiod per erasure fcot of surfaoe at a location where the exposure 
rate extrapolated to T.fi I lour is ICO r/lr, 

Ls shown in Figure 3.31, the Flathead Shot barge vs8 anchored in . 

' SAN BRUNO FRC 

appronixute ly 114 ffeet of vit r. Therefore, the shot actually approrf.- 
ssated a surface water burst in a usep harbor. In addition to furnishing 
full out data on these particular shot conditions, it is to be hoped that 







a Bcro ccryleto uMerstan&ir.g cf t!;3 red: .nisns Involved can "be gleaned 
froa ^he data co that it cm be oppliel to ether twret conditions, 

1. 3.1.2 Particle r-n Plot. , Tto Flathead partiolc fall plot is 
illustn ted in Figure 3 . 32 , The unusual tppeurxce of the upper height 

* i 

lines, wfcteb ©cna bedk tovnrd ground sero for the 6aaillar petioles. Is 
a reflection of the oevore tics changes of the wind profile. The fallout 
tines ver© characterized by a rcpioly changing viud ei hue. tier. during which 
cyclonic or «rticybj.cnic centers moved through the fallout area at cost 
altitudes. 

7cr *: review cf the 1 foliations and the Interpretation of this plot, 
the dl scansion In Section 3 .1.1. 3 should be ocnsolted. 

Ik 2* X»lJth~ CZ ££Z&2& i&l zT.JjLll&tJstexl'l- Tbs fallout x^tc-riel 
differed in sp .v> ’ranee greatly from that of the lucl surface bursts. At 
tt.e doc: -in stations, mast of th* activity vas associated vita & B ead.* 
This material v?J5 cello etc I vith difficulty, reruined >}alt*3 vat for a 
period of a day, and vrz subeaca-ntly reracTai fross the collecting sur- 
faces vith srn r.t-rc difficulty. It rus found to cousiat of fiua coral 
particles, EaCI, and sisaahl e tarruats cf feCj. 

Thu mere distant f.nllcut consisted mainly cf a s-diy slurry. The 
effective droplet liars ter at the TAG 40 position vac 100-200 microns, 
and theso ceuci rt^d cf SD-90 percent JTcCl. The activity vas, in general, 
associated vith *. vrTy snail (5-10 nitron) particle inside ate droplet. 


1.1. 1.1 L«r£ ^ -rivalor.t Pistrifatitpri nf <yrfr The data 

for the fallout radiation plot cf Fi-ure 3*33 have been derived from tbs 
sane sources S 3 those erruaamted in Section 3*1. 1.5. Far-cvor, the fact BRUNO FRC 
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that t’.J 3 activity frcn t!d_s water stirfaco burst vas gunertlly associated 
vitb |iquid or very snrll psrlicalite enclosed by lipoid droplet* irj>lie« 
tbit the vit or eurvry readings era bo used vith Ecre confidence. Ta thl» 

<r*se, most of the activity vo 'Id be distributed in depth by tbs airing ef 
the ooisn vth~r tad act ly the direct ln-luenoi of gravity ca particulate 
Bit tor. Since there probably vsS no activity oao ociatod with c iso able 
colli T>?v'tlcl^'P > » thsaeovgo ^Vt«:*-n€iivdiy thai-uaa^sposiiid x*viV& , ... , . . ,, 
oco ir. surface vac uccosrible to the proba readings. An exuqpla of the 
’ readings on a typical probe cast Is illustrated in Figure 3.34* 

The problem of background radiation levels can not be considered in 
this report. Suffico it to say that lew background readings evtrepolatc d 
for rscuned decay during tie long periods of he turvoy, con hive eppre- 
ciable influence ou the raeasurei contour values. The date, es presently 
reduced bate not been corrected for such effects. Au illustratioa of 
this problec is furnished by & surrey that v&s porierEod subsequent to 
the Flathead event, but just prior to Tavajo* It Indicated that & region 
vest of Bikini Atoll and curving tovsrd the couth vaa cantaninateu by vetcr 
vhich probably origin 2 . ted near the 2uni cud Flathead craters (6oe Figure 
3.43). It is therefore quits likely that* flag ar-likc region of oontani- 
nali r a iilicntsd in fiis area by the Flathead friloafc servers was not 
caused by fallout, but vns due to ooctesiaated effluent front the Bikini 

BEST available copy 

The observations hr Protect 2. 62 probe caste, vhich snasared vortical 

' Ww(«i£r/ 

raiiction profiles ninilar to that illustrated ia Figure 3.34, v w * thet £AIS T BRUNO FRC 
the effective depth of penetration for the Flathead fallout was abort 



Figure 3.34 Typical Exposure Rate versus Depth Profile. This vas f 
northeast of Flathead ground zero at 0430 on 14 June 1* 



36 *eters «t 10 boors after tbs detonation. Increased linearly to 60 caters 
at 34^bcnrs, and thenceforth renainod essentially oonstant. Tbs decay ex* 

ponent measured by the probe In the decay tank abated the Horizon was 

t.or 

£3$. These ©baervod value » of the depth of penetration end decay exponent 
vers used la the redaction of the Project 2*62 water survey and Project 
2.64 aerial survey data. Tbs water notion corrections discos sod In Section 


3.1.1. 5 were also applied to this data. 

3. 3.1.5 Central Tine of Arrival Contours . The calculated central tins 
of arrival contours s well as the observed data points^ are presented la 
Figure 3.35. The Interpretation of this data baa boon discussed In Section 
3 . 1 . 1 . 6 . 


3.?.1.6 Ten Ecfut. Exposure Contours . The ten boar exposure contours 
for Fl>.*bead constructed as discussed in Section 3. 1.1. 7 are presented in 
F1jut8 3.36. The oorrected exposure data points are also indicated in this 


figure. 

?. 3.1.7 r ro?3 Decsr ^tf^as /^Tha Kp^^ capture to fission ratio re- 
ported for the Flathead event was 0.31. The daesy exponents rcosr.tr ed 


itr.d r . -*oob conditions ere suaaarizod in Table 3.4. 

».» .2 c taIo . best available copy 

3. ?. 2.1 Introductio n. Tin Hsrajo device wc 3 fired on a barge st ored 
off Site Dog (Figure 3.31) in water about 215 feet deepest 0556** on 11 
July 1956. The yield of weapon was oeacured to be] 

This dsvioe was the 
of the REWIK devices and therefore provided an excellent opportunity 
to doconcnt the fallout fairly near the shot po'nt without exposing the 
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Figure 3*35 Flathead Central Time of Arrival Plot* Times In hours 
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’ ' figure 3*36 Flathead Ten Hour Exposure Contours."' , •- 
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Decay Exponent 




DELETED 


operational personnel to excessive radiation* 

eonpsrt radiation readings tnm Bavajo with those/ 

deleted 

— p~»LM . 

The wind pet&eam* which existed at and after shot tine vas characterised by 
very weak winds at all altitudes up to 55,000 feet, and banco each of the 
fallout pattern vas ocrwerrt rated quite alone to Bikini Atoll* nevertheless, 

^«**t *V 'Icr'&i ■ 

the observed radiation let fieri t fun were not excessive* However, if the 
H&vajo weapon's yield had been predominantly froa fission reactions, the 
exposure rates in the Dog-Seorge cor^lcx would have been his/her than 1000 
r/hr at hour and operational difficulties would have resulted for all 
agencies aoeding access to those cites, 

ft - A * *. V "/*• 

The Kc device also provided the opportunity to aoasure the effect- 


jtiBBcach 

cl end life colic clad 


ivcr.oss of "s'lting* b/ a tracer exp rirk-nt. Abort ch oi 

l.vf-e inserted enidet tbs tbcrnonaclear fuel ead Ufa collected 
fallout ?^t3rial vas ansl^d for tire activetion products reciting froa 
njutron capture reactions, Fovover, this detailed radlodhcrdcal analysis 
vas performed In the boro laboratories of Projects 2,63 end 2,65 and 
tj gsri w v the results were not available at the tiro of writixg of this 

report, BEST AVAILABLE COPY 

The ccntrlbuticn to the fallout radiation fron activity induced in 
the sunxnmdiry Betcrlal of the shot point could also be determined, 

DELETED' 

chance of detecting induced activity in the presence of the 

fission product activity vas increased.. In particular, activity ft^PEBNOERC 

2A ° 

Ha produced in the salt water was espocted to be observ d even thouth 





naif lifB is only 15 hours* Again this f&btaeis was perfbrned in th» 
hors laboratories end the r* salts vers naft orsHaM^ for this report* 

Tbs Sovajo shot barge indudod about 250 tons of iron and 200 tons ©f 
oora^bat this Bate rial vu spread over a nxh larger area by thej 
compared with Flathead* Since 






the association of exposure rate and naes of material 

SB 

is tbs sane (i.e., about 3 ne each of iron and ooral per square foot where 
H/L exposure rate is 100 r/hr) f bat the levels of the radiation fields 
from ffavajo were sat A lover than those from Flathead* 


?-?- 2 - 2 Pjgtlibayga pf f,n fry Stabilised gfl 

Since the previous shots, Cherokee end Ztxni, had yielded reasonably good 
data on the distribution of activity In the nuclear dead, bat no data on 
the etc’*., it was decided to allocate the entire six roc&ots of the E/7 
ttimte s .Ito to the Kr.vsjo stan. The rockets were all aired at an eleva- 
tion corresponding to a penetration height of about 26,000 foot and were 
spread In aslmth to cover all ^possible directions of notion of the stem 
to be expected ftren the local wind conditions* 

Figure 3*37 presents tbs cross sections of the stem in the plans of 
the trajectories of r exists 21, 3 1, end 4&* Figure 3*38 is a view of the 
sten lookirg along the trajectories indicating the points at which the 
rockets pierced the center plane of the stem at 26,000 feet* Only two 
of the rockets indicated radiation} Eurhers 21 and 3** Those exposure brujuq jtrq 
rat'~« were lass than 50 r/hr 9 and could not he accurately measured with 
the equipment available in the field* Bechet 21 received a total exposure 
of about 0*08 r betveen 13 and 28 seconds after lea rich tine, and rocket 
3 1 received a total exposure of about £,24 T between 11 end 41 seconds 







\jtr lsonch tin#, InspecticEof the^posltloalr^^nfcrnatioo inFj 

(* Aw^A>,^ y 

taA3 *2&3 & * n indicate a the following tentative conclusions! 

a, Tba exposure rata is tie 8 ten is anal Tar than that in tba cloud by at 

c r 

least a factor of 40* 

b, Tbe position of tba sten chocks with that predicted as fining the vind 

V . . 

displaces it fires soro tine, 

c, The radiological disaster of the sics is no larger than the visual 

dianoter, end the indications are that the largest exposure rates are licit- 

» 

ed to a snail fraction of ths stem vclnne. 

The TI/15 salvo vas allocated to roasuring the exposure rate in the nuclear . 
cloud, hut in addition was designed to yield data cn the reproducibility of 
the detector readings. Only three trajectories wore chosen and two rocketa 
wore f?r-?d along each trajectory, Ccrparison of the readings fron tbe one 
pair of rockets cf which both yielded prelininary data indicated that the 
readings were reproducible within about 20;*. The final reduction of the 
data will probably show the reproducibility to be better than this miabor. 

r 

The data for the three trajectories is presented in Figure 3,3? and the 
location of the plane of these trajectories through the cloud is illustrated 

in Figure 3.40. ®^ST AVAILABLE COPY 

The Project 2,66 canned aircraft penetrations of the ster of tbe Havajo 
cushroon were perforced as soon as the Project 2,61 rockets were exit of the 
air. The results of those penetrations, extrapolated back to H/15 ednutes 
using a docoy relationship, are also presented in Figure 3.39. BRUNO FRC 

» The tnshroon size vMch vas used in Figures 3.39 and 3.40 was taken fron 
a H/8 cirrute photograph, While tic re is sene cloud expansion froa the tire 
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Figure 3.39 Navajo Cloud at H/15 Minutes in the Plane of the Rooket 
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Trajectories. Readings along trajectories are oorreoted to 
soa level and are in units of 10^ r/hr. Peak readings are 
denoted by an x. 







Tijar o 3./0 


'’■•3 ^ of IT/15 K^vito Roc&ats Touurd Huvajo Cloud. 


of the photograph to the time of the second salvo, this will not materially 
.^ffoct the general location of the rocket trajectories relative to the dcrud. 
The fact that the assured Eavajo cloud la slightly scalier than the lover 
yield Cberokee-Zuni cloud la associated with the different methods used to 
derive the dimension. Thia inconsistency trust he resolved by tore complete 
analysis of photographic data* 

v* *1 . * ** * * tv* • •• / * . # ' t « r-r * • 

?. 3,2.3 Particle Fall Plot . The particle fall plot for the winds meas- 
ured at and after shot tine for the Eavajo event is presented, in Figure 3. /I* 
This plot, which was constructed considering tine end apace verietiens of 
the wind profile. Is characterized by the sane weak winds that produced the 
srall Flathead particle fall plot* Of course, the fact that the Eavajo cloud 
was much higher, and hence was influenced more by the high altitude strong 
easterly winds, caused the actual fallout pattern to extend over a larger 
area than the Flathead pattern* 

For a discussion of the interpretation and limitations of t' is plot, 
Section 3.1 *1*3 should be consulted* 


3 . 3 . 2 ./, Characterization of Fallout Fat -rial * The Navajo cloce-in fall- 
cut material, as well as that observed at the IAS- 40 , resembled the sslt 
laden slurry observed at the XA*— 40 after Flathead* £7 the tine the sample* 
from t'e lend stations were recovered, £C- 9 C$ of the particulate was fine 
salt crystals. There was sore CaCOj among the remining material* Eo iron 

vas detected. BEST AVAILABLE COPY s « Bruno lac 

3. 3.2. 5 Land Equivalent Distribution of Fallout The consoli- 


dated radiatif n survey data are presented in Figure 3,42* The data have 
been derived fren the same scurces, ard reduced by the sane methods, as t’ ese 
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uarfCissed la Section 3*1.1. 5, although the validity of the water survey data 
Is erfcanced by tbs water surface location of the burst, as discussed la 
Section 3.3.1.4a 

The results of a pre-shot survey on Hava. Jo sdrns two days ere Indicated 

* Je.-- 

In Figure 3.43. The radioactive "slick* v v lch la indicated west of Bikini 

i 

Atoll is probably due to water frea the Zoni and Flat ha ad craters. ®lnoe 
the readings ere appreciable, and will not decay rapidly due to the long tire 
oince these shots, care rust bs taken In interpreting data in this region 
fron subsequent f alloat survey a. 

The enpsr 5 r .e nts lly measured effective depth of penetration which was used 
to reduoo the Favajo survey data varied linearly fron 20 Betara at 10 hours 
after slot tij&e to £5 meters at 31 hours, and thenceforth regained constant 
at the value of 65 raters. The decay exponent which was applied to roduce 
the data to T./l hour vas 1.3? as determined by measurements In the decay 

tank aboard the K/F ETRIidf. BEST AVAILABLE COPY 

3. 3. 2. 6 Central Tire? cf ‘rrival Cnntcnrs . The central tine of arrival 
contours for the Sava Jo wind situation have been plotted In Figure 3.44. • 

The data points derived from the sources discussed In Section 3. 1.1.6 hams 
also been indicated. 

3. 3. 2. 7 Ten Tour Exposure Contours . The Hava. Jo ten hour exposure contours, 

calculated according to tho natbod cf Section 3. 1.1.7, ere presented in 

fifnrre 3*45* Tho corrected data points measured by Project 2,1 are also 

SAN BRUNO ITtC 

Indicated In the figure. Jr 

1^'^' 250 

_ 3. 3.2. 8 r ross Pecvr The observed Up ^ capture to fission ratio 

for Sava jo vas 0.36. The observed gross do cay exponents under various 
conditions of tseasurerent are summarized in Table 3.5. 
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pfjjurc 3 ./|3 ;a-c' 1 of Radi oictiva Effluent Proi'i EildLni Atoll on ITava j o 
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TAB 125 3,5 GROSS DECAI EXPCBSKrS FOR NAVAJO 
| Tine Range (Hours) 5-20 20-50 50-200 

l 

■ Gama Photons* 1*1 0*8 1,1 

I** ~~ " ' 

Gamma Exposu re Rat e 

• Feta diB^^Etn 

‘ Field Gaana E xposure Rate 
Carrn Exposure in Water 


* I AC -40 Samples Chly 

§ KeaTy rains on D and E/l for Navajo apparently removed 
a large fraction of the contamination frca the surface* 


lO 1.4 

1.2 

-# 

1.39 
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CHAPTER 4 
DISCU3SI0I 

4,1 TECHNIQUES OF >SASOHSKSHT 

4.X. 1 Introduction. During Operation E2DWIIG a mrfccr of widely 

t 

different techniques were used to perform measurements on the fallout 

f^eld. Sons of these techniques were particularly designed to provide 

3 

accurate analytical measurements. In core cased the techniques employed 
are adaptable to the problem of a rapid survey of the radiological situa- 
tion after the burst of a nuclear weapon in a military situation. The 
purpose of the following discusrion is to describe briefly each general 
technique end to rale a necessarily preliminary and inoorplete evaluation 
of its rola in the field tests and its possible application to military 

situations. BEST AVAILABLE COPY 

4.1 .2 Fcllcopter^robe Acriel Surrey . This technique involve 3 a ra- 
diation sensing probe suspended below a helicopter by a long cable. It 
is particularly useful in acquiring accurate readings at a controlled dis- 
tance above a land surface. In general, the readings correspond to measure- 
ments by a survey instrument which has been hand-carried to the location, 
except that the dosage to the personnel has boen greatly reduced by placing 
then above end away from the field in the helicopter. 

Over smooth terrain the readings probably give an accurate measure of 
the density of active sources on the ground. However, th9 effective source 
is a circle of radius 300 to 500 feet, and any terrain irregularities whicK^s.^ 

would shield part of the source free the instrument would cause the readings 

k 

to be lev. The ester readings v*culd still represent the dosage personnel 
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1 ©cited at that position, bat would cot be a measure of the surface density 
of radioactive sources (curie/a^)* 

l^io applicability of the technique to military situations la Halted 
to obtaining readings at a fev critical locations la a fallout pattern* 1 
Basil cleared area is required and the present design of probs la sot useful 
ojar water* The accuracy of the measurement is greater than needed fbr a 
complete survey and the tire Involved for the survey of an extensive fallout 
area is too long* 

£ f 1.3 Collection of Fallout .Sarnies , The direct collection of fallout 
83rples is an essential part of the analytical pro gran at weapons effedts 
tests. However, the question to be considered now is whether it is good 
technique for evaluating the surface density of active material. 

The laboratory measurements on fallout 8 ample s to determine their abso- 
lute activity can be made vary accurately with fixed geometry counting tech- 
niques. The main limitation is in the actual collection of the sample. The 
requirements for the collector ere that it produce negligible disturbance in 
the air flow pattern and that it retain any material impinging upon it. 

These requirements mat be met over ell angles of incidence, corresponding 
to various particle sizes, end for particle types varying from a fine aero- 
sol to a dry dust. Further experimentation is needed to develop such ideal 

collector.. BEST AVAILABLE COPY 

Clearly the collection of material is not a practical ratter under 
opmretional military situations, since the collectors can not be placed 
before the event and there is a long tire deity involved with recovery of 
samples and transportation to an uncontsminated laboratory. 
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LA.L Redleftfron -Readings on Shl^s Peck Surfaces . Ths deck surface of 


the Ui'i represented a souroo field large enough that only a snail oorreo- 
tlon vas needed to convert andsa* rate reading above the deck to an infinite 
field reading, Hovover, prelininsry data indicate that the fine cerosol 

v 

t^pe of material does not readily collect on the deck surfaces and large dry 
material nay be blown off. Therefore, such deck readings nay tend to be lev 
and rust be correlated with other sources of data, 

A. 1*5 Radiation Versus Depth .Profiles in the Ocean . When the nature of 
the burst is such that most of the fallout activity will be dissolved in the 
surface layer of ocean v a ter, the radiation versus depth profile is a very 
useful technique for caking an absolute activity measurement, The observa- 
tions during Operation CASHS and the present experiments indicate that most 
of the activity re rains above the thercocllna (60 - 150 meters depth) for 
periods of cany days and therefore is accessible to direct ceasurenont using 
simply constructed probes. These readings ere calibrated in teres of 
curies/m^ by analyzing water samples In a laboratory. 

The limitations of this type of censure rent for land surface (island) 
bursts, in which much of the activity is associated with sice able particu- 
late, are still undetermined. From the measurements performed at Operation 
RdDVXHJ it appears that at least half of the total deposited active material 
remains in ths sot face layer, bat this fraction say vary greatly with posi- 
tion, For example, the close-in high exposure rate areas may have cost of 


the material, which is associated with the larger particles, disappearing 

a-Co<- Irtd 

below the tharnoclica. Since these areas only r opro e oat a 

/ x Hi v. i‘ 

the total wee? on,’ this would not affect the conclusion above. 
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On# feature of the Beesurenonts tbit noods continuous csrefol chock is 


tbe problen of probe eontaninatiott. Since the radiation lev's la in the 
water ere invariably quite low, it is important to take sure 
amount ©f activity deposited on tbe &f/e ct answer* 

„ g^atatlaa <« tb > Snrfaoe'CceM] Liv-r . Vrelattrely 

rapid aurroy of ocean fallout areas wa be made using a probe towed behind 
a ship which bb a sure s the radiation field just below the water surface* 
Interpretation of these readings in tones of total fallout mtorial in- 
volves the assunption of an average depth of nixing > guided by the results 
of the radiation versus depth profiles. This technique must therefore be 
applied with care, particularly in regions of recent fallout end regions 
where fallout was in the fora of large particulate. 

£. 1.7 Radiation Readlnre in Air-Over the Ooeaq . Radiation readings 
taken in an airplane flying above contaminated ocean water, when corrected 
for the absorption of the air, Erasure the concentration of ectivity in 
the surface layer of water and, therefore, are subject to the limitations 
discussed in Section 4.1.6. In addition, the readings at practical flight 
eltitudcs ( >300 feet), represents averaging over an area whose radios is 
cf the order of 1,000 feet, and therefore this rsthod must be used with 
core in areas of high gradients in the radiation field. However, the sur- 
vey con be performed faster than that performed by a surface vessel and 
therefore can outline the fallout pattern in a short tine. 

In performing these aerial surveys it is important that tbs aircraft 
arrive over the fallout area after the radioactive material has ceased to 
cone down* A relatively small encunt of contamination alighting on the 
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aircraft can easily cask the radiation free the water surface, becmsc 
the water greatly dilutes the radioactive sources* 

/.l. 8 Radiation Readln?s in Air Oyer fond . During Operation R3DWHB 
the technique of taking radiation readings In an airplane flying over 

land was not used extensively because of the snail amount of land area 

1 • 

present* This method has been used for tests at the Hevada Test Site* 

The principal limitation ofthis technique is in the region of high 
fields, and associated large gradients* Since the readings do represent 
averages over sizeable areas the features of the pattern will be smeared 
out over distances of the order of 1,000 feet* Furthermore, over irregu- 
lar terrain the airplane nay be forced to fly higher than 300 feet end 
beneo average over a slightly larger area* 

Contamination of the aircraft must again be avoided, although the 
problem is not as critical as it Is on a survey over water* On the other 
band, the higher readings from the land increase the problem of dosage 

to the aircraft crew* BEST AVAILABLE COPY 

The aerial survey system is applicable to practical military situa- 
tions 3 In co it does roughly outline the areas denied to personnel opera- 
tions in a fairly short time* Eouever, care must still be taken because 
local hot spots in the field may be smoothed cot by the s ur ve y, which 
could nevertheless inflict serious dosages on personnel* 

Readings taken by helicopters hovering at lew altitudes above land 
surfaces feave been used principally in the RadSafe surveys during g^ bruThO FRC 
Operation KSDVUJj* Apart from the slight decrease in dosage to personnel 
compered with ground operations, this method has additional merit when 
used over rough terrain* If it is desired to evaluate the density of 


active sour cos, rather than the dosage to personnel at a particular loca- 


tion,, a retor held at a moderate altitude Is less likely to he shielded froa 
part of the source field than one hold at 3 feet over the ground. Before 
such methods are used for accurate work, however, It vill he necessary to 
perforn careful altitude absorption calibration experiments. 

t , ' ' 

^ilil Droppable Radiation Detector -Telen? tor Units . A technique which 
has b en tested unsuccessfully at Operation TEAPOT and Operation HEDVIHG, 
hut which has prorise if further developed is one involving the use of a 
radiation detector and te lens tor unit which cm be dropped onto a contami- 
nated area. Tie radiation readings are then received at the drop eir craft 
which can retire far enough away to be out of the Intensive radiation. 

This technique Is particularly applicable to measuring the intense 
fields nerj* the crater fron a nuclear burst. It Is United to a number 
of data points equal to the nnrbor of detsctor-telenater units available. 

The fact that the equipment can continue to send information over a long 
period of tine makes it particularly useful for field tests since it 
supplies decay as well as instantaneous exposure rate data# 

At R3DWIB5, this technique was known cs the *Beeeh Ball Project* and 
was undertaken as an effort Incidental to that of a major project aid 
lack of results shcnM not be used as the basis for prejudice against 

this B * ST AVAILABLE COPY 
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/.2.1 Introduction . This presentation of preliminary data end the 


ensuing discussion were completed only a few weeks after the last event 
In Operation RED .-/KG. Therefore, it is to be reemphasised that the data 
are subject to large changes and their interpretation cay also be altered 


when the. Anal reduction of the date la coi^^te. However, the rc suite 

of the fallout program are of military irpartanco Irocdlately, and it ie 

< 

to he hoped that the errors introduced Iff presenting preliminary end 
possibly incorrect data will be more than compensated by the advantage* 

of having a preliminary picture available et an early tine. It is the 

\ 1 , 

purpose of the following discussion to evnlua to the sources of additional 
data and the tost probable recalibrations which will be provided by the 
data in tbs Program 2 projects' final reports. The fact that the data is * 
preliminary end some changes can bo anticipated with tine should not be 
construed to roan that a fairly good picture of the fallout problem in 
operational situations is not available et this tine. 

L .2.2 Radiation i'eagurenonta in the Ku clear -£!«•*£■ . As discussed in 
Section 3.1. 1.2, the preliminary data on exposure rate versus position in 

(-‘rv — 

the nuclear ©lead is subject to large chmge3 - primarily from the follow- 
ing sources* (1) The identification of a radiation record with a particu- 
lar rocket may be changed. If this be cons a necessary, a major change in 
the positions of the readings will result. (2) A redeterrinatlon of the 
zero tire on the traces is likely to shift the radiation readings along 
the trajectory. (3) He calibration of similar detectors, particularly in 
high radiation fields, will probably indicate a nonlinearity in the re- 
sponse curve, which may change the values of the higher readings. (4) The 
trajectory data will probably be changed slightly. 

^.2.3 Land Surface Readings . The land surface readings ere probably 
subject to the least change compared to the remainder of the data* The ^ ■gjCCNO 
principal changes will core about in the use of experimental decay corves, 
or at least theoretical decoy curves boned on the manured capture to 
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fission ratio, rather than the simplified f^^cnd t - ^*^ ro la t ions hips. 

1^2. L Veter Survey Readings . The water surrey readings will be sub- 
ject to major re calibrations based on on analysis of the observed depths 
of penetration as a function of tine after arrival end position in the 

t . 

fallout pattern and on absolute counting of the water samples* The aver- 

i . 

age depths of penetration used In this report represent at best a method 
of presenting the data in a relative fashion Indicating the rough nagnl- 
tude of the contamination* When such a re calibration is performed the 
calculation of the total material observed, and hence the fraction of the 
weapon locally deposited, cm be performed in a significant fashion* At 
present such a calculation serves only to demonstrate that the readings 
are of the correct order cf magnitude, and even a comparison of the weapon 
fractions between different events is doubtful. 

Preliminary mo usurers nts on Teva fallout made at R-DL has demonstrated 
a large variation of solubility rate and ganua spectra with time of con- 
tact with water (reference 30 ) * Complete analysis of varioos factors, 
including variation of particle size with distance from g r ou n d zero end 
dependence of settling rate on particle size and solubility, in required 
to establish a fully reliable set of contours* 

4 . 2 . 5 Aerial Survey Readings . The aerial survey readings are subject 
to the same re calibrations discussed in Section 4*2*4 and in addition rust 
be ro corrected for the air absorption. Absorption experiments performed 

at Operation FJ5D7HD and come theoretical calculations should provide the 

c\N BRUNO PB- C 

basis for this re calibration* ^ 

Z.2.6 Sarnie Readings. The relative radiation levels derived from 


BEST AVAILABLE COPY 




3rmple readings a re probably subject to tha largest changes. Aside frem 


the problem of collection efficiency, the values used In thin preliminary 
report represent crude monitor readings of the e aspics measured In stand- 
ard geometry situations, but under conditions of appreciable background 
radiation* Only the careful analysis end counting, dona later in tbs 
continental laboratories, can correctly determine tha relative fields aid 
can, in addition, furnish the absolute surface density of active materials. 
4.3 IISTuIBvJTIOH OF ACTIVITY IB TK2 STABILIZED CLOUD 


4.3.1 Introduction. There is no strong reason to expect the distribu- 
tion of activity in the stabilized cloud to be a function of the geological 
environment of the burst point, and no experimental evidence to indicate 
any such phenomenon. Therefore, the observations on all the documented 
shots will be discussed together, keeping 5m mind that Tor comparison 
purposes the readings should he divided by the fractional radiological 
yield to be reduced to the cannon basis of a 100 percent flsrion voapon. 

4.3.2 Rocket Keasureronta . The rocket exposure rate zeasuremants 
indicate that the active material is not distributed uniformly through the 
cloud. As a matter of fact, if the material vere distributed proportion- 
ally to the cir density, the readings should be constant in the cloud and 


th?s is not the case. The individual exposure rate traces generally indi- 
cate a rapid peaking end subsequent decline while the rocket is still vi th- 
in the visible cloud. Therefore, as demonstrated particularly in Figures 
y,) S' 2 35 

3.2 j, £s3e* *3 ! s£3n, end most of the activity is probably in a thin 

{Ay 

layer, which is probity located just above the base of the visible i£J-h- 

SAS BRh^° mC 
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Ate kadial variation is also interesting, There la sees evidence 
for ^slight decrease In concentration at tbs center (above the eten) , 
a peaking at a distance of about one -third of tho visible cloud radius, 
and a subsequent decrease to the outer regions where the concentration 
appears to be about one quarter of its peak value* Crudely spoating, 

V , 

tbs active material appears to bo concentrated as a n washer* with sore 
material of lesser activity spread Into tho rest of the visible cloud. 

The United observations in the stem indicate peak activity concen- 
trations leas than those directly above in tho dead by a factor of ten 
or core* The radiological stem has dimensions no larger than the visible 
stem* Therefore, in view of the relative volumes, sn inappreciable 
amount of material exists in tho stem at the altitudes observed* 


A. 3.3 itanood Aircraft Veasurencntg * The actual exposure ratos 
measured by the aircraft penetrations were in general lower than those • 
calculated from the rocket data at the ermo altitudes* The reason for 
this discrepancy is not yet clear* Of course, no aircraft penetrations 
wore performed as early as the rocket flights on these events, hut previous 
experience with the penetrations does indicate the decay extrapola- 

tion of the aircraft data to be en overestimate, if anything. 


The observations of the eir craft in the stem support the conclusion 
that the concentration of activity is small compared to that in tho c wfc- 
r ooa i' top . These flights, as well as the rocket data, only draw this con- 
clusion for the tipper parts of the stem at the times involved* They shed^ 
no .light on the question of heavy particulate which eight have fallen be- 
fore tho observations were made, cr for the part of the stem be lew 25,000 
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A.3»A _7.allout .Pattern Irrigations . At present no complete analysis of 


the fallout radiation pattern in terns of the p article fall plot and the 
finite cloud dine ns ion have boon performed, However, some preliminary con- 
clusions can be drawn from the data* It ebould be noted that tbs H/L hour 

exposure rate at a particular point should be determined roughly by tbs 

, % 
t 

activity in the initial cloud associated with the height and particle size 
intervals which encompass the point on the particle fall plot, divided by 
the area between the corresponding height and particle size lines on the 
plot* Therefore, whenever the height lines cone dose together there 
should be an enhancement of the radiation field doe to the wind structure 
and not because of any properties of the initial cloud* A limit to the 
above statement is iqplied by the finite horizontal dimensions of the cloud, 
which spread the activity over a minimum area even if there So no shear 

in the wind structure* BEST AVAILABLE COPY 

The following features of the fallout radiation pattern appear from a 
cursory inspection combined with the particle fall plots 

a* The outer boundary of significant fallout seems to be at approxi- 
mately the 60 micron line* Eovover, the area tip to the^micron line is 
subject to such low activity concentrations arriving at late times that 
it is not of concern in military operations* 

b* The effective cloud diameter for the larger particles must be 
smaller than the visual cloud diameter to explain the rapid decrease of 
contamination on islands in the upwind and crosswind directions. A* care- 

i 

ful activity versus particle size analysis for the land station samples 

SAN BRUNO IRC 

will be needed to establish this effect quantitatively. 




o. Large particles fir an ths lower stem region tny produce very in- 
tense Eradiation areas a few piles downwind firon the shot point* The Zuni 
Shot gave no indications of this effect, hit all the barge shots produced 
heavy contamination on Sites Able and Charlie* This contamination oould 
‘ not be erossvind deposition from the cloud, because Site Bov. which vas 

iOr 

almost an equal distance in an opposite direction Seen Bavajo and Flathead, 
as veil as the XFUB barge Which vas closer, did not sbov these high read- 
ings. 

d* The most significant fallout oozes from the base of the nuclear 
cloud. The “hot line 1 ’ in the pattern invariably fell in the direction 
corresponding to 50-60 thousand foot lines* The concentration of altitude 
lines due to the wind reversal at these altitudes is not enough to explain 
the magnitude of the effect* Furthernore, the regions that received fall- 
out from higher parts of the cloud vere contaminated to a small extent. 

For exarple, on event Teva a part of the 75-80 thousand foot fallout actu- 
ally fell on Enivetok Atoll, hut did not produoe enough contamination to 

warrant evacuation. BEST A VAS L ABLE COPY 

4.4 CHARACTERIZATION OF FALhCfffT KAHRIAL 

4.4.1 Introduction . Only fragmentary information on activity versus 
particle site distributions vas available at the early date of this report. 

Kcst of the data on the particle sizes at various positions in the initial 

cloud will cone from analysis of the intermittent fallout collector sarples 

In Which the particle size and tine of arrival can he correlated to a FRC 

unique position in the cloud. Since this information met oone from mare 

detailed analysis, only preliminary data as gathered froa the correlation 



between the fallout radiation plot end the particle fall plot can be dis- 
cussed here. 

The ohomical and radiophynical analyses of the fallout material are 
also natters for continental laboratory Vjrk* However, the resulting data 
will d3al mainly with fractionation and henoe with theories of fomation 
of tho active material* At present, it is not possible to include these 
theories into fallout model calculations in any significant fashion* 

Fractionation nay affect the radiation dosage through its codification of 
the gaisa energy spectrum and the decay curve, but such effects ere not 
veil onough known to be incorporated now* 

The physical cppeer&noe and chemical nature of the fallout has been 
roughly evaluated at the land stations and in the TAG 40 laboratory. Fur- 
ther data on other samples are being produced in the h'ne laboratories. 

For example* as stated in pnrapraph 4*2*4, Bone inforoition bos already 
been developed on the ch exact ~ris tics of particle solubility in a Zone 
of Interior laboratory, 

4*4.2 L-nd Surface Burst . Tie data on the pcrticulate matter far land 
surface barrt3 presented in this report is applicable only to lend consist- 
ing of coral with nearby salt water* Therefore, some of the conclusions may 
have to be modified when discussing bursts over other, more usual, types of 

ground, BEST AVAILABLE COPY 

A oixscry inspection of tho psrticle fall plots end fallout rediation 
plots for Zuni and Teva indicates that the cost intense regions ere associ- 
ated with particles in tbs 100-200 rdcrcn sice range. The LaCrosse plots brUNO FR.C 
indicate that the activity on the surface appears to increase when going 
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fron 350 toward 200 micron particles, although the flocanoctation did not 
extend* to the sizes below 250 microns, Since the intense pattern to the 
ve3t of leva appears to be short, any Important lover stem activity is 
probably associated with very large particles# 

Xn general, the fallout material fron the land surface bursts vas 
quite dry, even though there vas an appreciable amount of vator in the 
enviroment of the shot point# The bheaical nature of the material vas 
in general modification of ooral, namely CeCO^ t Ca(0B)2, and sore CaO. 

Usually other materials present near the shot point also appeared in the 
fallout, e,j., the iron in the LaCrosse event# 

Z f Z.3 Air Burst . The Cherokee Shot at Operation E3DWIB 1 represented 
an air burst over voter# The extensive survey of the downwind areas sub- 
sequent to this detonation established that the fallout radiation levels 
wore not of military importance for this type of burst# Clearly the fission 
product material must have become associated vith particulate so snail that 
the local fallout vas negligible. In this case the problem has become one 
of the uorld-vide contamination type and therefore is beyond the scope of 

this report# BEST AVAILABLE COPY 

The requirement still remains to evaluate the contamination from a 
megaton yield weapon detonated under minimal sir burst conditions over land# 

To date it has been established that air bursts of kilo ton yield weapons 
above land and megaton yield weapons over water do not produce significant 
local contamination. Hcwever, the probability that an air burst of a nega- 

uTVONQ frc 

ton yield weapon over land produces contamination is MJaa^e after the SAIN *>* 1 
Cherokee test as it vas before# The reason is that the mechanisns discussed 
in Section 1.2.3 by which such a burst oould produce local contamination 




A not apply to a burst Above water, If surfaoa mtorlsl (sea, water) 

from Cbfcrotoe bad csujbt up with the fireball in tin© to bars the fission 

products deposited on it, the voter would have undoubtedly evaporated. 

Re condensation of tbe water, if it occur ed at all, would probably be In 

the fora of very snail droplets which would not be locally deposited. 

. . * 
Therefore, it cay be unlikely that hursts of a megaton yield weapon 

over land produce significant local coot aninat ion, hut it Is possible and 
the Cherokee test does not negate such a possibility. 

t J-.L Kater Surfac* Burst . The effective pertiole size for voter 
surface bursts appear to be reach the ears as for land surface bursts, 

.Again the intense regions of the fallout pattern soon to be associated 
with 100-200 micron materiel, Furthermore, tbe store region to the vest 
seccs to havs the Scree character as for lend surface bursts. 

One extra phenomenon which cun easily occur in this type of shot is 
a tiuo disnge of the effective size of a particle (droplet). As water 
evaporates or condenses on tbe drop it could fall according to various 
different sizes as it' cones down. In addition, ics partioles which re- 
sult fro re frozen drops will have different fall characteristics than the 
drops. Cublireatlcn of ice partioles will el so introduce variations. 

FbenoLkona of this nature could introduce mjeor medifi cations into the 
particle fall plot, which present knowledge has no v^y to predict. 

The u^. u i 'g ^uf - fee* naterial from water surfaos shots scens to be pre- 
dominantly salt. Tub very high concentration of salt nay imply a large _ 
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degree of evaporation has taken place d’.iring the particle's travel earth- 
ward. The actual activity secres to be associated with a very small 
nucleus amidst this slurry type salty droplet. 
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In general it eppoars that tho prediction of fallout from water sur- 
face bursts cm be node using similar perenoters to these for lard but- 
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face bursts. 

f '^v 

4.5 RELATIVE AREAS CF CONTAMINATION 

f 

Z.5.1 Introduction . The characteristic dimension a of a fallout pattern.* 

s 

e.g.. downwind distance. cro38wind distance, etc. will depend quite markedly 

on the existing wind profile. Tor example, a w'nd profile having vory little 

directional shear and strong velocities would be expected to produce a long, 

cigar shaped^, pattern whereas the high shear situation which is common in the 

Pacific Proving Ground produces a wider and shorter pattern. If the^e is 

any hope of characterizing the fallout region by any parameters character- 
ed ft* 

istic of the weapon^ and relatively independent of the wind conditions, thtr 
parameter/ he the areas enclosed hy the various radia- 
tion contours. In particular, the internal of the E/l hour exposure Tates 

y Itr**** y ’ v 

over tea areamssat he characteristic of the detonation only, a it repro- - 

fahs T ' ‘fyfo a „ * 

sents the^radiological yield Which has been deposited l*'--*- C/^-Le 

Z.^.2 r achrround . The only^v^nts previous to Operation FSTWIIJC on which 

sufficient fallout information was available to infer areas of contours were 

the j ANGIE surface shot and some of the Operation CASTLE events. Of the 

latter ones, the CASTLE Eravo surface shot contours have only been predicted 

from an analysis of the winds with some normalization from sparse data points. 

The water survey data from Shots Yankee and hector, Operation CASTLE, yielded 

contour area data for vater surface (barge) shots. For reference, these data 

have been summarized in Table 4.1 
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TABUS 4.1 5UKK JU OF FnEVIOTJS SHOTS* ElfOSURS RATE OONrCKJR AREAS 

( 


pElSS® 5 * 


MOTE I *Referenoe 10. 

^Reference 11. 
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The above contour areas, except the JANGLE eurface data, vere multiplied 
by a factor of 4/3 and presented on the plot of Figure 4*1 of area versus one 
hour exposure rate. The factor was desired to normalise all data to a hypo- 
thetical 100 percent radiological yield weapon. TCie predicted contour areas 

for 50 KT, 500 FT, and 5 MT bursts from Feference 29 have also been indicated 

% 

on Figure 4.1. 

An estimate of the radiological yield accounted for by the fallout data 
can be derived by a rough numerical integration of the exposure rate over the 
area. (See Appendix D). 

4.5.3 REDWING Results . The data on the areas of the contours drawn froa 
the preliminary data of this report have been presented in Table 4.2. These 
data from the two land surface shots, Zuni and Tewa, and the two water surface 
shots, Flathead and Navajo, have also been presented in Figure 4.2. For the 
figure, the radiation levels vere in all cases] 




jpns 

weapon. A C0NT0URS ^EXTRAPOLATED FRTi PRELIMINARY P AT A AND MUST RE ISED WITH 

CAUTION ^ c £. ytrv C-/ o/- dL+Jt 

/<?, -yhit Set*/ -/a/? * 

IjfjL Ten Hour Exposure Areas . The ten hour exposure areas are not of 

direct significance to fallout models, but are of primary concern in the 
military effects of fallout. The relative areas of the various contours have 
been listed in Table 4.3 for the four P.31WING shots on which the Program 2 
projects gathered complete fallout data. The data have also been plotted in 
Figure 4.3» where the exposure values have been normalized to a 10QT radio- 
logical yield weapon. BEST AVAILABLE COPY 

4. *>.5 Comparison . In general the differences of the contour areas between 
the are 

v v ■** n 
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nificant in view of the approximate 
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ary data reduction. 
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TABLE 4.2 BUKHARI 0? EXPOSURE RATE OORTOUR AREAS, OFIRATIOH REDVBiG* 


jjEuei® 


r ^ 

i ROTi i # Very doubtful - represents rough estimate of 
boundary of f allcat pattern* 

* etc: X- 'R ARIAS EXTRAPOLATED FROM PReUUKARI DATA 
AID JUST BZ r3"D WITH CAUTION. 
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IABI$ 4.3 SUMMARY OF TSH BXJR EXPOSURE 00KT0UR AREAS, OffiRAXIOM REDWING* 




NO IE i •CONTOUR AREAS SXTRAPOUT D FROM rRELMKARX DATA AND 
MUST BE USED WITH CAUTION. 
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In particular the curve for Jlavajo is probably too high, becaure the 

and the resultant low activities in the outer regions of the 




fallout area, caused the background radiation levels from previous shots to 
have an appreciable effect* Since in the prerent data reduction the pre-shot 
background radiation was not subtracted, the contour areas as presented are . 
probably too large. 

Comparison betveen the values predicted on Page 97 "Capabilities of Atamio 
Weapons," Reference 29 and those measured in these experiments is more uncer- 
tain than a comparison betveen events, because any errors in the al 
conversion factors nay efflntribr rtt r~uppreola^ ly» In general, the met 


contour areas are larger than the predicted values. However, an error in 
the conversion from radiation measurements in the water to the calculated 
value over an equivalent land surface could have this effect. laboratory work 
be'ng perfomed at present ^aa well as more complete data reduction^ should 
rerolve the questions about conversion factors. 

Ho comparison betveen experiment and prediction of croesvind distance, 
downwind distance, and ground zero circle diameter can be made at this tine. 
Some of these distances are quite sensitive to the actual wind conditions. 
Since the wind profile which usually existed on shot days at the Pacific 

Proving Cround^f jg not typical of the continental winds, there would be no 
significance to such . ccnpariscn.BEST AVAILABLE COPY 


4.6 EXAMPLES CP FALLOUT PAT ERHF IH THE CONTINENTAL UNITED STATES SAN BRUNO FRC 
4.6.1 Introduction . To perform an acciirate prediction of the fallout 
pattern from a burst at a particular location, a complete analysis of the 
REDWING rata in terms of a fallout prediction model should be performed, which 


would then be applied to the calculation of the fallout from the as sinned wind 
profile* However, the accuracy of the preliminary data does not Justify such 
a detailed analysis In the limited time available for the preparation of this 
report. Therefore the patterns have been constructed from the following 
assumptions! 

a* The assumed weapon was a 5 WT total yield land 
surface burst. 

b. The ten hour exposure contours had the same areas as those observed 
for Teva. 

c. The location of the ten hour exposure contours was chosen to represent 
an estimate of the relative positions in the fallout pattern* The contours 
around ground zero were slifbtly distorted and reproduced with the same 
area. The outer boundary of the pattern was determined by the particle fall 
plot expanded by a cloud diameter of 30 miles in the small particle size areas, 
and by about 5 miles around ground zero. The center of the downwind maximum, 
which clearly occurred for both Zuni and Towa, was chosen at the 50,000 foot, 

100 micron point in ths particle fall plot. The effect of the strong non- 
shear wind pattern on the continent is to displace this maximum about ISO- 

200 miles downwind, although during the tests it was approximately 50-100 
miles from ground zero. A detailed model calculation will he needed to verify 
this position. Actually the entire area between ground zero and this maxinun 
will probably receive a lethal dose for personnel exposed for 10 hours to the 

fanout. BEST AVAiLABLE COPY 
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/.f.2 Conrarlson of Wind Profiles . The wind profile which was incorporated 


into the particle fall, time of arrival, and fallout plots given in Chapter 3 





was generally as follows! wsterly winds (Trades! up to 20-25,000 feet 

with speeds of 10 to 20 knots. South westerly winds (Vos ter lies) to 50- 

i 

55,000 feet with speeds of 20-30 knots, and then turning through the south 
to the uppnr Easterlies with speeds Increasing from 15 to 80 knots with 
altitude* The two major shear areas (20-25,000 feet and 50-55,000 feet) 
appear to be typical of mid -Pacific torrid latitudes. Ob the other hand, 
the I'd lied States and most of Europe lie In temperate latitudes which are 
characterized by winds generally from the west which have little direction- 
al shear. Consequently there will be a different shape to the fallout 
pattern under these conditions. For illustration, representative winter 
winds have been selected to distribute the fallout from hypothetical 

1 surface bursts at Washington, P. C. and *"anta Monica, California. 





/.6.3 Washington. P. C, and the Fast Coast . Figure 4.4 is taken with 
ground zero at the Pentagon Puildlng. The fallout patterrr^encompasces a 
good portion of the District of Columbia, Arlington County, Virginia and a 
few small cities such a6 Alexandria, Va., Annapolis, Ml., Cover, Del., and 
Atlantic City, W.J. , .covering an area of 7,000 square miles (of land and 
Delaware and Chesapeake Pays) and a population of 1,900,000. Of these people 
900,000 will receive fallout which will be lethal tolall exposed personnel 
(ten hour exposure of 500 r). In close, (6-10 mile radius) of course^ there 
is a compounding of blast, thermal, and radiological effects which will produce 
casualties, and only the area outside of this region should be considered in 
evaluating casualties frcn fallout alone. BBUNO ERC 

Ij/ contour dimensions extrapolated fp.cm frelikikart data and mist m USED 

WITH 'XTPEME CAUTION. _ 
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An examination of Figure l *4 will show that over 50? of the potential 


casualty producing region falls in the TJorth Atlantio Ocean. Therefor® it 
is certainly possible to construct examples in which the entire fallout 




region will encompass populated areas. 

It is interesting to speculate on the patterajhy lese representative 
winds, for example with the pattern moved yfi counterclockwise so that the 
250 r ten hour exposure 0 on tour extends well past Philadelphia, Pa., Rev 
York City, and through Connecticut, 

j / 

The pattern Q®*as=5te§3 has the following areasr*' 

a. A lethal area 200 miles long, 10 miles vide which has a total 
area of 1700 square miles. 

b. A Bickness area 350 miles long, 15 miles wide which has a total 
area of 3P00 square miles. 

e. An area of biological concern 500 miles long, 30 miles wide, 
which has a total area of 12,030 square mile3. 

If the weapon chosen for illustration was of the same total yield tut 
had a small fission J^eldlBM^Hthen the pattern would have! 

a. A lethal area 25 miles long, 5 miles wide which has a total 
area of 90 square miles. This area only protrudes slightly beyond the 

area of major bomb damage. BEST available copy 

b. A sickness area 42 miles long (probably in two parts), 14 miles 
wide, which has a total area of 450 square miles. 


SAT* BRUNO I» c 


1./ Ten hour exposure values are chosen as follows! Lethal - 500 r, sickness - 
250 r, biological concern - 50 r. These terms refer to the effect on 




e. An area of biological concern 350 miles long, 15 miles vide. 


vhi^h has a total area of 3,800 square miles* 

Z.fe.4 Southern California Area . Figure 4.5 has been drawn with the ground 

£*ro at Santa Monica, California. The pattern takes in nearly all of the 
1 1 ‘ - 

Metropolitan Los Angeles area and a number of smaller cities to the East South 
^ast. A lethal dosage to exposed personnel would have been delivered to an 
area inhabited by approximately 4^ million people. In this example, the 

downwind maximum area fortunately coincides with a desert area Forth of the 

* 

Salton Sea and will contribute very little to the casualties. The areas 
involved are comparable to those discussed in Section 4.8.3. Again the winds 
have essentially no directional shear and therefore the pattern appears as 
a very long, narrow area of contamination. 
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CHAPJSH 5 

COHCLUSIOIJS AJJD REC0J3CEDATI0B3 


< 

5 ♦! C0HCUJSI0H3 

-'r Tbs foliating general conclusions are considered applicable to the 

Hi , 

experiments reported in this preliminary reportl 

W, . 


1* The fallout program successfully accomplished its mission of 
documenting the activity levels in the nuclear mshroom and the fallout 
pattern and collecting fallout materials* 

2* The data gathered in the field and subsequent laboratory analyses 
vill supply the material for extensive calculations of fall cr ’t prediction 
models. 


3# The concentration of activity in the stabilised nuclear cloud 
appears to be more dense in a layer near the bottom of the cloud than it 
is in the upper areas. The most intense contours from a 5 K1 surface 
buret apparently originate from approximately 100 micron diameter parti- 
cles at 50,000 feet elevation^ ’■'fti < rc«<v e H Oj£ 
ta tc & /_ c(oud. 

4. The concentration of activity near 30,000 feet in the stem of the 
mushroom from a 5 IT burst is less than 3 percent of the concentration in 

the cloud, BEST AVA 8 LABLE COPY SAS BRUNO FRO 

5. The techniques used for land, aerial, end oceanographic survey vere 
successful. Some of these techniques can be applied to military situations. 

6. laboratory analysis of water samples and careful analysis of pene- 
tration of activity in the ocean will probably provide the basis for an 
accurate fission and activation product materiel balance. An estimate of 
the amount of active material remaining in the upper etro sphere can be 
mads subsequently. 




7. Within the accuracy of this preliminary data, the fallout exposure 

*+-*• &>y-UT +: >. 

rate produced! byyr weapon of a fci^asn yield^ls proportional to the fractional 
radiological yieldf, 

8. The effectiveness of the various fallout survey techniques was 
greatly enhanced by the coordination provided by the Porgram 2 Control Center. 

9*. The preliminary data indicates that a VHHQHflHIH B urf &c * 
burst would deliver lethal dosages to exposed personnel over an area in excess 
of 1500 square miles. 

10. Exposure rateB in excess of 10,000 r/hr at H/l hour were present 
in the vicinity of the crater of the Mohawk event. 

11. A minimal air burst over water produces no fallout of military 
significance. 

5.2 RECCrJKEHDATIOKS 

The only recommendation made on the basis of this preliminary data is to 
U"E CQJJTODF INFORMATION WITH CAUTION. 
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PROJECT 2.1 &■ 

■ ?itUt GasEi Exposure 7ereus Diatorca, HR m 

£ 

PROJECT 2.2 

\ -, Titles G&m&a. Exposure Rate Terous Tine, I3t ^ //r . 

Project Qfficari Rr. Peter Broun. 

Agecey* Evans Signal Laboratory (SSL). 

Tbs ee project* placed file pacts end dosissiars throughout Bikini 
itoll and aboard a narber of tbo float stations. Sons of tbo station* 
vore also instnnasnted with an ion chamber and recording dsvico to doca- 
rent the radiation «^po3ure rate as a fiu.ction of tira. The Initial radi- 
ation measurements also made by these projects have not been considered in 
this report. 

PP.OJPC? 2 61 


BEST AVAILABLE COPY 


Title i Rocket Determination of the Activity Distribution Vithln the 
Stabilised Cloud, HR A?/£ l 


Project Officer* Kr. Richard B. Soule. 

Ajeacyt U.S. Havsl Radiological Defense Laboratory (IPDL) » 


^ KRUNO FRC 


Ion Chamber detectors and telemeter transmitters were toon ted in the 


beads of Inch rocket propelled Atmospheric Sounding Projectiles (ASP). 

Tb 2 se rockets were then flown through the unclear cloud (end stem) frea 
shots CHSR0S3E, SEIJI, EA7AJ0, end TUj'A 2 nd the telemetered exposure rate data 
was received and recorded at duplicate stations aboard the BSS BsiDSOH 
(AFD 101) and BAS Island in Bikini Atoll. 


PROJECT 2.62 

^Title* Pelloat Contocrs by Cctfinographic AxrJLyois, HR / 

Project Officer t ft*. Pocnaa D. Jennings. 
f P Agency* Scripts Institution of Oceanography (SIO). 

^ ? , The lagoon end ocean felloat areas *>ere eurreycl ualng cn LCO, two 
destroyer escorts, cud the occejcgropHie snrvey vessel Y.ff EORIZOff. 

The su r v eys Included rudiEtlon Intensity real! ngs la the vn'-cr os cr the 


surface and Intensity vnms depth profiles. The effect of voter cur- 
rents end the location of tin th&rooclloe va 3 deternfnei using data 
fron a prcXFgRORRl eeesme T-pi!.ic surrey. Tills project .also vas respon- 
sible for the scoring sod servicing of the skiff err ’7 vhlch v?s located 
in the deep ccesn north of DiMnl. The eldffs vere Inctmrcntcd fear 
fallout collection, tiro of arrival, total exposure, and r~te cf pene- 
tration of the activity in the vatcr reesurerorts, S'jiifjrnt fer the 


uoasurenert of depth of penrtrstian of activity in ocean water woe also 


placed aboard the TAG y) and TAG 40 » 

project 2.63 best available copy 


Title* Character ir.?tinn of Fallout* ITR C^12.* 

Project Officer* Dr. Terry Trlffet. 

Agency* E. S. Ecvsl Radiological Defense Laboratory (JBDL). 

SAN BRl'NO FRC 

This project provided the majority of collectors and detectors 
pieced aboard the floating collection stations. Complete inotnrneata- 


tion, including iacreacastal sad total collectors, exposure rate record- 
ers, .’nd total exposure Instruments, vers placed aboard the '.two TAG* 3 , 
am L3T, two TFT3 boxges mered in BlUri Lagcoc, and at the northern 


i 

l 



end of K'V Island In Bikini Atoll* In addition, the TAG -40 had a 
shielded laboratory In which radiation rate, slcroscopie, and epectro- 
netrii nensureaents could be performed on the fallout sacples as they 

arrived. Total collectors, total exposure instruments, and tine of 

/ ■ 'p 

arrival detectors were placed aboard the deep noorod skiffs provided by 

* ^ ; 

‘ Project 2.62, three pontoon rafts in Bikini lagoon, and at Sites GhCRGE, 
VILLI A?-', and CHARLIE in Eilcini Atoll. 


PROJECT 2.64 

Title! Fallout location end Delineation By Aerial Survey, ITS 

Project Officer* 1'r. Robert T. Graveson 

Agency* new York Operations Office, U. S. Atomic Energy Cardesion 

(ktoo/aec) best available copy 

P2V aircraft vere instrumented to measure garsr,a exposure rate and c/_> t \-P_ 

flovn over the ocean fallout areas to perform as rapid ar.d complete 
a survey as possible. Calibration flights with a spectrometer in a 
helicopter and radiochedcal analysis of water samples vere performed 
to reduce the data to' absolute intensities. Instrumentation for cross 
correlation was placed on the TAG-39 and YA3-40. 

PuGJECT 2.65 


Title! land Fallout Studies, ITR /O’/?. IV-rJNO FRC 

Project Officer* Far. Manfred rorgenthatu 

Agency! Cherdcal Varfar® laboratories, A ray Chemical Center (CLl/ACC). 

This project provided the primary land fallout collecting stations 
end instrumented a number of islands in Bikini Atoll with total and in- 
cremental collectors. A small number of stations vere instrumented for 



one * snail* shot at Enivetok, Ons renota oo Hector was located at 


Ron^prik Atoll, 130 Bliss southeast of Bikini* The aenplea from the as 
collectors vere subjected to radiophysical end radiochemical analyses 
to detemine specific activity, particle sizes, distribution of activity 

on and within the particles, chemical fractionation, etc. Seme instru- 

i Vf.. 

mentatianves placed on a nurber of the floating stations fbr eorreln- 


•€ M/>a< 

tioa purposes. This project also Bade genna dose rate measurements on 


Islands In both the Bikini and Enivetok Atolls by scans of a detector 


which was lowered to the ground from a helicopter. 

PROJECT 2.66 

Titles Early Cloud Penetration, IFR /-?■? Q. 

Project Officer* Colonel Ernest A* Pinson, BSAF. 

Agency* Air Force Special uesposs Center, Air Research and 
Development Corsaad (SWC/ARDC). 

357-B aircraft, eorpletely ins trum ented exposure rate and total 
exposure were flown for brief periods within the unclear clouds to ob- 
tain personnel exposure and aircraft contamination data. 

PROJECT 2.71 BEST AVAILABLE COPY 
Title* Ship Shielding Studies, HR 
Project Officer* Hr. Heins R Insert. 

Agency* H. 8. Saval Radiological Defense Laboratory (HHDL) r 

SAN FR 

This project, while basically intended for ship shielding studies, 
provided gasrn «oce rate infomation in conjunction with Project 2.63 
on the ships in the region of fallout. 
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C0HS3EUCTI0H OF PARTICLE 7 LL PLOTS 

The construction of a particle fall plot begins vith the assurptioa of 
a vertical line souroe of particles ate to ground zero# For the purposes of 
the frograa 2 operational plots and those presented in thdsy constructions 

•ft m 

* ] 1 r ' 

were made for four particle sizes only* 75* ICO* 200* and 350 microns# 

The wind velocity observed at a 5*000 feet interval was assured to re pro- 
sent the average wind throughout the 5*000 feet leyer cantered at that 
height. Therefore the wind velocity, multiplied by the tire a particular 
particle tabes to fall through a 5*000 feet layer* gives the horizontal dis- 
placement of the particle# The particle fall tines were calculated fron 
eerodynardc equations* choosing a representative air density end viscosity 
profile for the Marshall Islands atmosphere. 

In constructing a pattern which neglects space and tire variation of 
the wind profile, the static hodegreph is Best convenient. It can be drawn 
simply by placing the displacement vectors end to end coman cing with the 
Iciest altitude. The resultant line represents the locus along which the 
given size particles fron ell altitudes arrive. The same procedure is re- 
peated far each of the particle sizes. The locus of all p rticlos fron a 
given altitude can then be sketched through the ind i v i du al points. 

A tiro v aryi ng, analysis necessitates more labor. Since the winds at a 
particular altitude change as particles frees different altitudes above g^ FRC 

arrive* the sirple bodograph cannot be used. Th3 procedure of constructing 
the actual projected trajectories must bo followed. This procedure involves 
constructing a complete trajectory for each pcrticle size from each altitude . 

BEST AVAILABLE COPY 
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The space variation can also bo included In this analgia. 

Thg particle fall plots In this ropart have boon constructed Including 
tine and space variations whenever these had appreciable effects cn the . 
pattern. 

tar the purposes of fallout prediction, particularly as applied to the 
problem of positioning Ships Cron the JVogrca 2 Control Center (soe Section 
2.3.6), the predicted winds were necessarily utilized. Since the predicted 
tine variation Is even core uncertain than the predicted zero tine wind pro- 
file, the forcer was not included In tho initlel analysis. Shot tiro and 
later wind observations were used In a tire varying analysis to reposition 
fallout collecting ships until they received fallout and to direct the notion 
of survey vehicles so as to avoid receiving direct fallout. 

Tlio position!^ of the fallout collecting ships t?ss dote mined by assuo- 
ing that the majority of the activity was in the lower third of the initial 
cloud. Tho licit of interest Is given by the 75 micron particles since 
these fall at late tlr.es over vary large areas and have only a snail fraction 
of tie total activity associated with then* The tines of arrival and cessa- 
tion of fallout were calculated from tho constructed pattern ad the particle 
fall tine data, assuring the effective radiological cloud to havo tho diccn- 
sions of the visible cloud except when considering the larger particles. One 
thousand micron di ace ter particles wore assured to be present in only the 
inner 10 percent end 500 micron particles in 50 percent of the cloud. This 
assumption modified the close-in fallout to correspond to actual observations 
at previous operations. 

DtST AVAf f ADI C AAm# 
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It vaS not neocssary In any of this vork to associate a specific activity 

concentration vith each region of the cloud end particle else and hence to 

deternine the actual radiation pattern# It is an aim of this report to pro- 
* 

sent data out of which such associations osn be node. 
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( RADIATICH COLTDRSIOH FACTORS 

f r 

For the purposes of the calculations la this report, certain conversion 

i m 

.factors vo re needed to reduce radiation data to a perron basis. The factors : 

V 

related to the conversion of garrn esposure rates hetvoen different dis- 
tances fron the source have been calculated In Reference 31 and are eumar- 
ized in Table Cl. The factors relating the observed exposure rates to the 
density of active scurocs have also been derived In Referenoa 31 and ere 
sunscrised In Table C2, 
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TABIE Cl HEIGHT COITCERSIOH FACTORS FOR GA321A EXfOSUTS 



Height Above Surface in Foot 

i — -- - - — 

~ 


10 i 

25 ! 

50 

100 1 

250 

500 

1000 

Factor to convert 
reading above land 
to height of 3 ft 

1.4 

1.7 

2.2 

3.1 

5.2 

12 

46 

factor to convert 
reeding above water 
to height of 3 ft 

1.0 

1.1 

1.1 

1.2 

1.5 

2.2 

6.2 


Koto* For RadSafe aerial readings ea additional factor of 1*5 vafl 
found to be necessary to normalize readies to Project 2,65 
helioop tor probe readings. 
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TABUS C2 COl.TiSRSION OF ACTIYTTI DEl.'SITX TO EXF0S3R3 RAIS 


Volume density of activity in vater, 1 curio/fe^ 

Exposure rate reading in water...... ......... 0.6 r/hr 

Exposure Tate reading 3 ft above water. ..... .0.3 r/bt 

Volume density of activity In air at STP.......1 cario^a? 

Exposure rate reading in air...*. ...... .....1200 r/tse 

Surface density of activity On land 1 curi &/s£ 


Exposure raio at 3 ft above land.,... 6 r/far 
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, INTERPRETATION OF EXPOSURE RATE VERSUS AREA PLOT 

( 

A plot of converted H/l hour exposure rates versus are* of contour e» 
ooa tour on log-log paper is a particularly useful tool for analysing the 
fraction of the weapon's fission products which has been deposited in the 
local fallout pattern* It appears that such a plot can usually be fitted 
by a straight line of slope -1 over a portion of the data, with the ex- 
treme points falling below this line* In particular the predicted values 
frcn Reference 29 fall on such a line for store than a factor of 100 in 
area or exposure rate* This line on log-log paper represents a recipro- 
cal relation between exposure rate and area* It has a particular sig- 
nificance in terns of the integral of the exposure rate over the area* 

For this reciprocal relationship the value contributed to the integral 
by any particular range of exposure rates is the same as that contributed 
by another range having the sere ratio of upper to lover values. There- 
fore, cost of the material deposited will be associated with the part of 
the curve that fits the line of slope -1, and a scalier portion with the 
points that fall below this line* A crude estimate of the radiological 
yield observed can thus be calculated by multiplying the area s 1 inter- 
cept by the natural logarithm of the ratio of the upper and lower area 
values for which the straight line makes a reasonable fit to the data* 

For example, in Figure 4*1 the $ MT predicted .line ,Tnaa an intercept of 


an intercept of 


* 

approximately 7:X 105 r/hr at an area of 1 square mile* The straight 
line fits the prediction over areas covering a factor of 500* Therefore, 
the integrated material corresponds t?EST AVAILABLE 
7.5 X 105 log* 500 r 4.7 X 10* mi 2 r/hr, 

Assuming a conversion factor of 1200 mi 2 r/hr per KT^^0^S^rtsa5| * 
assumes 300 megacuries at K/l per KT), the 

3.9 MT or 73 percent of the total yield. EKEF.6Y ACmJ$o4 


3.9 W or 78 percent of the total yield* Lnz- 



APPENDIX X 


FRACTION OP SHOT ACTIVITT IN FALLOUT 
For the purpose of checking «. number of parameters, the quantity of 

radioactive material In the fallout areas were calculated and compared' 

* 

with the activity resulting from the fission yield of the bomb* The 
normalisation factor used was 4000 n& 2 r/hr per KT of fission yield*. 
This factor was derived by examining a draft of the Operation CASTLE 
Project 2,7 report (Reference 32)* 

The total activity encompassed by the CASTLE Shot 5 contours was 
normalized to 1056 of the weapon's fission yield which was determined to 
be Inside these contours by an absolute beta counting technique. The 
percent of the total activity for REDWING shots is presented in Table 
El* The percentage of activity values as given, must be accepted with 
reservation since the errors and uncertainties in the decay exponents 
and normalization factors can easily amount to factors of 2* 
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